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LETTER    OF    TRANSMITTAL, 


i>k1*aktment  of  the  interior, 

United  States  Geological  Survey, 

Hydrographic  Branch, 
W(ishingto)i^  I).  6'.,  Juve  U  1904,. 
Sir:  I  forward   herewith  a  report  on  the   underground  waters  of 
Silt  River  Valley,  Arizona,  by  Willis  T.  Lee,  and  i-econmiend  that  it 
be  published  as  a  water-supply  and  irrigation  paper.  > 

Mr.  Ijce,  under  the  direction  of  Mr.  N.  H.  Darton,  geologist  in 
charge  of  the  western  section  of  hydrology,  has  made  a  detailed 
investigation  of  the  underground  waters  and  geology  of  Salt  River 
Valley,  in  the  Phoenix  region  and  eastward,  and  1  believe  the  results 
*ill  l)e  of  value  and  interest  to  a  large  number  of  |x>rsons.  The  region 
i^onein  which  th<^  problem  of  water  supply  is  of  groat  imix)rtanc'e, 
for  its  prosi>erity  is  entirely  dependent  upon  th(»  utilization  of  the 
surface  and  underg-round  waters. 

Vcrv  respectfully,  F.   II.  Newell, 

('hi if  Kmj'nu'i'r, 
Hon.  C'harlks    L>.  Walcott, 

h'mrhyr    Uri^tiHl  StatrH  (hioUtgical  Suriuy, 
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16   PL.I 


UNDERGROUND  WATERS  OF  SALT  RIVER 
VALLEY,  ARIZONA. 


Bv  WiLus  T.  Lee. 


INTRODUCTION. 
PURPOSE  OF  THE  INVESTIGATION. 

TIJb  purpose  of   this  paper  is  to  bring  together  the  facte,  ho  far  as 
VwvQ,  regarding  the  underground  waters  of  Salt  River  Valley,  with 
iikwU)  ascertaining"  their  available  quantity,  the  areas  where  they 
oocw  sufficiently  ne^r  the  surfjice  for  ocononiic  pumping,  and  their 
^Utibility  for  irrigation. 
Tfce  area  of  special  investigation  lies  within  a  lino  drawn  from  the 
JBneifion  of  Verde  and  Salt  rivers  westward  a  few  miles  beyond  the 
A(uaFria  and  southward  to  Gila  River;   thence  along  the  northern 
Iwdw  of  the  Pima  Indian  Reservation  to  the  Superstition  Mountains 
aortk  of  Florence,  and  along  the  foot  of  these  mountains  to  the  mouth 
rf  Verde  River — an  area,  irrespective  of  the  mountains,  of  about  1,000 
flfOire  miles.     A  number  of  side  trips  were  made  beyond  this  area 
into  the  neighboring  mountainous  districts,  but  the  principal  part  of 
the  work  was  done  in  the  lowlands  Included  within  the  above  bounda- 
ries.   This  area  is  conveniently  divided  into  two  districts  by  a  line  of 
hottci  that  extends  across  the  valley  in  the  vicinity  of  Temi^e,  con- 
necting the  Phoenix  Mountains  with  the  Salt  River  Mountains.     The 
physical  conditions  existent  east  of  this  line  of  buttes  diflfer  notably 
from  those  to  the  "west  of  it.     The  division  of  the  valley  into  two  dis- 
tricts is  therefore  to  more  purpose  than  mere  convenience  of  descrip- 
tion.   The  first  district,  which  extends  from  the  mouth  of  the  Verde 
to  Tempe,  is  knovrn  as  the  Mesa  region,  and  the  second,  which  extends 
from  Tempe  to  the  Agua  Fria,  is  known  as  the  Phoenix  region.     (See 
H.I.) 
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CHAPTER  I. 

WELL  RECORDS. 


▼-T 


Original  water  level  Z9' 
Present      ••  -       27' 


TIIK  MKSA   KKGION. 

MURPHY-McQUEEN    WELLS  (SEC.  34.  T.  i  N..  R.  5  E.). 

The  series  of  deep  wells  first  completed  and  used  for  irrigation 
Salt  River  Valley  is  that  on  the  Murphy-McQueen  much,  near  the  toi 

of  Mesa.  This  series  of  we 
hvis  been  described  by  W.  ] 
Code  in  two  publications,**  a 
his  descriptions  are  here  tra 
scribed.    In  the  first  he  writi 

The  Murphy  well  (fig.  1)  \ 
Htarted  as  a  12-inch  double-eteel-cai 
one,  but  on  account  of  the  gr 
difficulties  encountered  in  the  ^ 
of  lx>wlder8  and  cement  strata, 
get  her  with  a  peculiar  fomiation 
clay  known  as  the  swelling  varie 
it  has  been  necessary  to  reduce  t 
nize  of  the  well  three  tunes  in  t 
depth  of  1,305  feet,  ending  with 
caning  7  inches  in  diameter. 

l!i  the  later  and  more  coi 
plete  report  Mr.  Code  writ 
as  follows: 


I    »-i2'-i    m    Surface  alluvial  &oil 
Rirforated  pipe 
A    Waterbearing  cemented 
'     gravel  and  bowlders 

N    Loose  free  water  gravel . 
J    sand.and  bowlders 
Pexfprat«d  pipe 

Clay,  soft  limestone, and 
chalk  rock 


P^f  forated  pipe 
•     Live  water  stratum  of  coarse  sand  and 
^     smal^ gravel,  v/ater  raised  2 'above  normal 

^^     Small  strata  of  sand  and  day 
Y     with  no  water 
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V»    Clay  and  talc,non  -water  bearing 


Fig.  1.— Bore<l  well  of  S.  J.  Murphy.  <m  Murphy- 
Mctiuceii  ranch.  Mt*sa. 


Four  12-inch  bored  wells  w< 
sunk  on  a  lino,  with  12J-feet  cente 
The  first  one  was  put  down  l,30t5  f( 
in  the  hope  that  an  artesian  fl< 
might  l)e  obtaine<l.  As  the  drill  was  still  in  a  nonwater-l)earing  stratum  of  d 
and  talc  when  thiH  depth  was  reached  it  was  decide<l,  aft^T  having  |>enetrated  tl 
stratum  605  feet,  to  abandon  the  se^ircli  for  artesian  tiow  and  dei)end  upon  pun 
for  raising  the  water.  The  remainhig  three  wells,  therefore,  were  drilled  to  a  dej 
of  approximately  212  feet,  the  formations  intercepted  l^eing  as  follows: 


a  Code.  W.  H..  Ke|)ort  of  irrijrution  iiivtfstiKatioiis  for  1900.  No.  2:  U.  S.  Dept.  Agrie.,  Bull.  104.  U 
p.  93;  Report  of  irrij^ution  iiivestljfatioiis  for  IWl,  No.  1:  V.  S.  Dept.  AKfic.  Bull.  119.  1902.  pp.65-6J 
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I  ^"ELL     RECORDS THE   MESA    REGION.  18 

Kecf.»r€i  o/"  t^-^fij*  /w#»v//  on  Murphy- McQueen  rtinrh. 

Feet. 

isuv  alluvial  .-oil 13 

iuenlt-il  gravel  an*l  lM-^\vl<ier>» 157 

p.we trvt*  water  ^rav«*K   i-«.n<i,   aiii«l  KiwMon* 4*2 

Total - 212 

Jt-i'-wthis  «U*pth    lay  aiiotlit-r    stratum  of  <'lay,  R>ft  ]inu'st4>ni>,  iiml  chalk  nxrk,  408 

Th*:  vil*»*  were  all  i>erfora.t**<l  thoroujjhly,  and  a  central  nhaft  wa*«  »unk  Ut  a  depth 

.■itU'Ui*2:^ieet,  wlnoli  wan  very  <-1o.*h'  to  the  normal  water  level,  and  from  the  lM>ttoni 

•  ith'L- shaft  tunnt'^ls  were  rxin   in  either  ilinrtion  in  order  that  mnall  iMM!tion8  of  the 

?i«\^eU  cafinjss  iviij^Vit  l>e  reiuovtnl  at  thi.s  level  an<l  the  wellH  all  (nmnected  to  one 

Vjnionlal  t«\irti<)n  pil^e.       Tlie  four  wells  were  conneete<l  by  meann  of  a  longitudinal 

Biclion  pi^»e,  from  whioH  wt-re  HUHi)en(l«l  the  vertical  miction  pifK*  haling  down  in 

eich^eUto  a  deptV\  of  t*5  feet  or  nion»  Inflow  nonnal  wat^'r  level.     The  longitudinal 

PV*- maj*  Attache*!  to   a    12-incli   horizontal  centrifugal  pump  having  a  capacity  of 

i'M)  jhlW mi*  \»er  minute   aii^l    lo<-ated  at  the  lK>ttom  of  the  Hhaft.     The  pump  was 

'IrivHiby  a  nteam  plant,  \vlii<:h,  in  brief,  cr»nHis»te<l  of  the  following:  One  Itoiler,  5  by 

\»^i»n-t,  witimate<\  cai>airlty  SC)  hf>rsep<^>wer;  1  automatic  12  by  16  inch  engine,  running 

ctti'Aennng;  I  \>nck  cement-line<l  (^n<len8ing  pit,  10  by  22  feet  and  with  a  depth  of 

Mw-t,  (H»nta\mng  40  2-incli  piiK'S  20  feet  in  length. 

T\j<*>team  is  con<len^*e^l  in  the  pii)eH  by  the  water  diHcbarged  fn»m  the  centrifugal 

pinn».  which  ^»a8se^  throuph   the  pit  pri'vious  to  its  dinrharge  into  the  irrigating 

«litch<«  leading  U>  the  alfalfa  fieldH.     The  machinery  is  all  inclosed  by  a  neat  brick 

h-tb*-,  an«l  the  entire  plant  has  a  suljstantial  appearance.     fPl.  II.] 

l\w  writer  waft  eniploytni  to  superintend  a  test  run  of  the  plant  after  its  comple- 
*ii'n.  and  through  the  courtesy  of  the  owners  is  privileged  to  emlxxly  the  following 
iata  fnmi  the  reiM>rt  made  to  them. 

The  test  niu  of  the  plant  was  l)egun  at  7  a.  m.,  July  4,  IWl,  and  was  completwl  at 
7  \'.  m.,  .luly  11,  19<H.  The  intention  was  to  operate  (continuously  for  six  <lays,  but, 
••wini:  t.i  a  twelve  hours*  enforc^e^l  stop  for  repairs  U)  the  engine  on  July  8,  the  time 
lis  ♦•xtcndnl  to  six  ami  one-half  days.  The  average  height  to  which  the  water  was 
n\r^\  during  the  test  was  alK)ut  44  fet»t,  the  discharge  pipe  iK'ing  wveral  f(»et  alH>ve 
lh«-  krrouiid  level.  The  machinery  was  run  to  its  maximum  economical  <a{»acity,  and 
•he  n-sults  oV»taine<l  were  as  follows: 

/A///I  ohtoitii'ff  hi/  tt'*t  run  0/ pump  on  Murphy- Mr Qurrn  ranrh. 

NuiiiUt  of  hours  cons!imed  in  test 15(i 

NmiilxT  of  h<iurs  consumed  in  stopfNigeH  (^breaks,  oilings,  etc. ) 26.  4 

Tt'tal  numl>er  of  hours  oi)eratc<| 12^).  6 

.\\rnige  nuiiilM'r  of  in«'hes  pum{)e<l  (  Arizona  measure) 270 

Avera^re  numl^er  of  inches  pumiH*d  (California  measun* ) .*W8 

Total  numlK*r  of  acre-ftfet  pumpe<l 72.  4 

T'ifal  ninls  of  fuel  iiseil 84.  75 

I'aily  exf»ense  of  twenty-four  hours'  run,  aside  fnnn  fuel: 

Twi »  cn^nnet»rs,  at  $2.25  per  diem 

Two  firemen,  at  $1 .50  i)er  diem 

(.>il  and  waste 

Kstimaterl  cost  of  refiairs  and  maintenance 


Total 
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[NO. 


Total  expense  of  operation  during  test: 

6i  days,  at  $9.25  per  diem |C 

34}  cords  of  wood,  at  $3  per  cord IC 


Total . 


le 


Cost  per  acre-foot  of  water  pumpcKl: 

Total  cost  of  pumping $U 

Acre-fwt  of  water  pumped "t 

Cost  per  acre-foot I 

Expense  for  each  hour  actually  running: 

Total  expense $li 

Number  of  hours  actually  run 12 

Cost  ]:)er  hour I 

Lift,  in  feet 

Average  C!OSt  per  foot  of  raising  an  acre-foot  of  water $0. 

The  normal  level  of  water  previous  to  the  test  was  22^  feet  below  the  average 
face  of  the  ground.  The  water  level  in  each  of  the  wells  at  the  end  of  the  te 
shown  in  fig.  2.    The  sketch  shows  that  the  water  in  the  deep  well  was  not  di 


face j>f  _  ground 


Fig.  2.— Diagram  showing  water  level,  after  pumping,  in  wells  at  Murphy-McQueen  plant,  n 

Mesa. 


down  to  within  5  feet  or  more  of  the  level  in  the  other  three  wells,  which  8eem< 
indicate  that  the  well  driller  was  right  when  he  affinnetl  that  it  would  furnish 
greatest  supply  of  water.  He  ba.sed  his  opinion  upon  the  fact  that  at  a  dep' 
620  feet,  after  having  penetrated  an  impervious  stratum  of  clay  408  feet  in  thicki 
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16-fout  gravel  stratum  was  encountered  which  caused  the  water  level  in  the  pii)e«  to 
rise  2  feet  al)Ove  the  normal  level. « 

Twoaamples  of  pumped  water  were  sent  to  Prof.  R.  H.  Forlx»8,  of  the  University 
«f  Arizona,  at  Tucrson,  to  he  analyzed  for  the  purpose  of  ascertaining  its  value  for 
irrigation  purposes.  The  first  was  obtained  shortly  after  the  pump  was  started,  and 
the  second  near  the  end  of  the  test  run;  and  it  will  \ye  noted  that  the  analysis  of  the 
litter  showed  considerable  decrease  of  salts,  which  would  warrant  the  assumption 
thtt  continued  pumping  would  effect  further  improvement.  In  the  opinion  of  Pro- 
fewr  Forbes  it  would  not  ])e  wise  to  dej)end  on  well  water  alone  for  irrigation  pur- 
l««»,  but  where  it  (an  be  used  in  connection  with  large  <iuantities  of  silty  river  water 
tbedanger  of  depositing  an  excess  of  salts  on  the  lands  is  minimized.  The  following 
tible  gives  the  results  of  the  analyses  made  by  Pn>fessor  Forl)es: 

Analy^e^  <tf  water  from  Murphy-Mv(/aecn  v-ells. 
[Liiboratory  No.  2615.  May  17,  1901.] 

Qmntitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C i:W.  20 

Chlorine  as  NaO  (common  salt) 82. 00 

Hanlness  as  C'aSO^  ( sulphate  of  lime) 11.15 

Nitrogen  as  nitrates 426 

Xitrogen  as  nitrites 0067 

Qoalitative: 

Sulphates Very  strong. 

Magnesia Very  strong. 

Lime ! Very  strong. 

Birarbonates Pronounced. 

Sih Small  amount. 

[Labomtory  No.  2670,  June  27,  1901.) 

Quantitative  (r>arts  in  100,000): 

Total  solids  soluble  at  110°  C 128.  20 

Chlorine  as  NaC-1  (common  salt) 74.  60 

Hartlness  as  CaS()4  (sulphate  of  lime) 9.  79 

Xitrogen  as  nitrates 263 

Nitrogen  as  nitrites Tnice. 

Qualitative: 

Sulphates Very  strong. 

Magnesia Very  strong. 

Lime Very  st  rung. 

Hi<arl)onates Pronounced. 

i^iU Slight  traces. 

Since  the  first  Murphy-McQueen  well  is  the  cleei)est  in  the  vaUev  luid 
P<?netrates  formations  that  no  other  well  pe!)etrat4?s,  it  may  l)e  in  place 
^^'VQ  to  anticipate  certain  conditions  which  will  he  described  later  and  to 
wmment  on  questions  which  are  of  vital  importance  to  those  who 
intend  to  establish  pumping  plants  in  other  parts  of  the  valley, 
^'irst,  the  principal  water-bearing  formation  is  compamtively  near  the 
surface,  but  after  penetrating  a  thickness  of  408  feet  of  impervious . 
n»aterial  another  water-bearing  stmtum  is  eni'ountered.     This  stratum, 

"The  writer  meatnired  the  depth  to  water  in  these  well«  on  January  19, 1904,  and  found  .the  <lis- 
Uncc  to  be  84  feet.  In  the  four  years,  therefc>re.  Hineo  Code's  mca«ur(*mentj<  were  made  the  water 
table  at  thin  point  han  lowered  11.5  feet. 
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although  only  6  feet  thick,  is  !iot  local  in  occurrence,  as  is  shown  by 
the  quantity  of  water  it  supplies.  As  already  stated,  the  water  from 
this  stratum  rose  2  feet  higher  than  that  from  the  horizon  above.  The 
log  of  the  well  is  given  below: 

Log  of  bored  ivell  of  S.  J.  Murph}jy  ou  Murphy- McQ\i€vn  ranchy  Mesti,  Ariz. 

Feet. 

Surface  soil 13 

Cemented  gravel  and  bowlders,  water  bearing 159 

Loose  gravel,  sand,  and  bowlders,  water  l>earing 42 

Clay,  *'soft  limestone,  and  chalk  rock '* 408 

Gravel  and  coarse  sand,  water  bearing 6 

Alternating  layers  of  sand  and  clay . .  72 

Clay  and  "  talc  '* 605 

Total 1 ,  305 

Only  one  other  well  in  the  Mesa  region  has  penetrated  to  the  depth 
of  the  lower  flow.  One  of  the  first  series  of  wells  on  the  Chandler 
ranch  is  705  feet  deep,  hut  did  not  encou!itor  this  sand.  This,  how- 
ever, does  not  necessarily  indicate  that  the  lower  stratum  mav  not  be 


'^^pt" 


Clay  River  gravel 

Vui.  :l.— Ideal  itow  Horliou  in  Salt  River  Valley.  illustnitiiiK  mig^atlolI^<  of  river  as  valley  floor  was 

built  up. 

found  in  other  parts  of  the  valley.  Variation  and  al)rupt  change  in 
the  character  of  the  valley  till,  both  vertically  and  horizontally,  ren- 
der it  as  probable  that  this  stratum  increases  in  thickness  and  perhaps 
passes  into  bowlder  beds  riverward  as  that  it  thins  and  disappears. 
Since  the  river  is  the  main  source  of  the  valley  till,  and  since  it  is  the 
only  source  of  the  extensive  bowlder  beds  in  the  center  of  the  valley, 
we  naturally  expect  more  or  less  coarse  material  from  bottom  to  top 
of  the  valley  till.  As  the  river  swung  back  and  forth  across  the  valW 
in  the  process  of  depositing  the  valley  till,  we  should  expect  to  find  the 
greatest  amount  of  coarse  material  in  the  center  of  the  valley,  although 
occasional  layers  should  be  found  near  the  outer  edges  where  the  river 
left  it  during  an  excursion  to  the  side.  However,  as  explained  in 
another  place,  the  hill  wash  is  always  working  downward  to  meet  the 
river  wash.  The  natural  result  is  that  at  any  given  horizon  bowlders 
should  be  found  where  the  river  flowed  at  the  time  the  horizon  was  the 
land  surface.  Back  from  the  river  the  material  should  be  finer,  per- 
haps sand,  a!id  still  farther  back  it  should  run  into  day,  silt,  cement, 
or  wash,  as  the  case  may  he. 
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This  cfasD^  in  defosils  i>  iltiK^tnte^i  in  d^.  :^«  in  which  A  n^^rv- 
^rct!^  a  well  ^une  discancip'  fmai  the  cent^^r  of  the  \':iII^t«  aiid  B  aiK>lhor« 
aK>n*  nearly  mednL  In  A  ?wwlder>  and  water  arv  om>Hinlerv\l  ^hiIv 
u  a  •-ock?idertMe  d«rpch  ithe  ca>e  with  ^me  of  ihi^  Chamller  wollsi^ 
whik*  at  B  chey  arv  frmnd  near  th«^  to|)  and  a^in  midway.  If  the 
well  d^^t^  not  ^»  tbnHi^  the  ^ecu^nd  cby  we  have  the  ^'ase  of  th*^ 
Murphy-McQut^en  well.  In  this  case  the  ^anie  horizt^n  in  A  yields  no 
water  -a^  was  jiist  cited  in  tht»  TaVf^xH  Chandler  well.  Wells  put 
Ajwn  in  the  cenier  i»f  the  \-alley  wtHikl  pn^liably  emxmnter  a  jrn^ater 
ij^grvj^ate  thii-kiiess  of  water-Umrin^  jfmvel.  while  a  well  at  the 
exin^nie  left  wixild  *ie  entirely  out<ide  of  the  water-l»»^rinj5  saints  and 
gravels  and  yet  U-  in  purvly  tluviatile  material. 

Ad  attempt  aas  made  to  take  the  lemj¥?raturt*  of  ihe  l,;^0-f^H^ 
well.  At  a  depth  of  :34l«  feet  the  thermometer  Kh1j»\h1  ap|^i>'ntly  in 
sukL  The  temperature  at  thi>  de(>th  was  found  lo  U^  TS.l  F.  .Vt  a 
depth  of  l.V»  feet  the  tempi^rature  is  77.«»  F.,  an  incrva5^>  downwanl 
of  only  0.5-  for  lsn»  feet. 

CONSOLIDATED  CANAL  COMPANY'S  WELLS. 

The  Consolidated  Canal  Company  owns  a  lar^'  i^Mitrnl  innver  plant 
situaled  at  the  edge  of  the  m<^sa  north  of  the  town  of  Mesa.  The 
plant  u  so  constructed  that  water  jx>wer  may  Ih^  ustni  when  water  i^jin 
be  secured  in  sufficient  qimntities.  Water  for  the  Tenux*  i^anal  is  taken 
from  the  river  at  the  up|x*r  end  of  the  valley  and  iH^ndurted  through 
the  c*onsolidated  canal  to  the  surface  of  the  mesa,  when*  it  lio^tvuds 
through  the  power  pliuit  to  the  lower  level  of  the  Te!n|H'  i\»uml. 
During  times  of  low  water  tht»  [>ower  is  oroated  by  stoani,  u^^iuir  rrude 
oil  as  fuel.  Acconling  to  P.  K.  Fuller,  the  on*ri'HH»r  in  rharjr*\  tho 
plant  is  supplied  with  two  :>5i>-ho!*se|H»ver  water-tuU*  lH>ihMs.  i»no  4<H»- 
horsepower  compound  roiidt»nsintr  tMi<rint\  ono  .'JtH^kilowatt  oK^trir 
generator,  and  a  complete  furl -oil  Msteui,  togothor  with  iuH't»>saiy 
auxiliary  equipment.  The  plant  supplies  oloctrit'  jH>wer  tt>  tho  ti»wiis 
of  Mesa  and  Temj)e,  but  is  princiimlly  used  in  pumping  wator  for  irri- 
gation. The  electric  power  is  tnmsniitted  to  the  pump  stations  at 
11,(X>0  volts,  where  it  is  transformed  to  220  volts  for  the  50-horse|H»wer 
motors.  Power  is  supplit»d  at  present  to  four  pumping  plants,  each 
yielding  al)out  2(M)  inches  of  water  (continuously.  The  [K)wer  plant  is 
designed  for  a  maximum  of  six  pumping  phuits,  yielding  a  total  of  1 ,2()<) 
inches  of  water.  AV)out  8,3()0  acres  of  land  are  now  supplied  with  water 
from  the  four  pumps  and  this  acreage  is  being  rapidly  in<'ivased.  Each 
pumping  plant  cost  $s,(Mm>  complete,  while  the  centnil  |K)wer  plant  cost 
$50,000. 

Mr.  Fuller  has  conducted  certain  experiments  on  the  cost  of  pump- 
ing water,  some  of  which  are  (juoted  in  detail  later.     His  genei 
conclusion  is  as  follows: 
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Thf  water  is  liftnl  a  total  diKtance  of  50  fiH.»t  and  the  water-horsepower  is  28.33. 
Tho  actual  iH>w('r  cnnRiiiiuMl  at  the  motor  in  pumping  this  water  w  42.88,  represent- 
in^a  coinlHiuMl  eflicienry  of  (Ui.Ott  jxt  wnt.  A  num))er  of  loeseu  occur  from  the  engine 
Hhaft  to  the  inot<»r.  ami  it  thert^fore  re<iuireH  57.17  horsepower  at  the  engine  sliaft  to 
piiiiip  2IK)  iiu'lieH  of  water,  ami,  an  this  repreHc»nt»  28.33  water-horsepower,  there  ia 
a  total  etlieieiiey  for  the  plant  of  49.55  p«»r  etMit. 

( )il  eost,**  $1.(>5  a  l>arn»l  of  V2  pillonn.  The  fuel  item  I  found  to  Iw  1  cent  i>er  honie- 
|H»wer  per  ho!ir  at  the  eujrine  shaft,  <»r  57.17  a^nts  \\eT  hour  for  200  inches  of  water, 
or  0.2S5  (Tilts  {K'r  inch  per  hour.  Inasmuch  as  the  lifts  in  the  various  plants  here 
<liwussiMl  an' <lifferent,  I  have  resolve<l  into  ct»8t  jH»r  inch,  i)er  foot,  and  per  hour. 
The  alH>ve  plant  costs  on  this  basis  0.0057  of  a  <vnt  jH»r  inch  per  foot  lift  per  hour. 

PI^NT   NO.    1. 

Tho  first  puiiipinj(  platit  was  o.stablished  about  0  miles  south  of 
Mosa  (siM\  22,  T.  I  S.,  R.  5  E.).  There  are  three  double-steel-ca-sed 
1 2-inch  drilled  w(;ll.s  15  feet  apart.  They  are  7o5  feet,  28(>  feet,  and  140 
fe(»t  deep,  nvspoctively.  At  a  depth  of  SO  feet  a  gravel  and  bowlder 
bed  15()  feet  thick  was  encountered.  The  water  from  this  bed  is 
achnitted  throu<rh  i)erforations  in  the  easing  and  rises  to  within  36  feet 
of  the  surface*.  Below  the  l)()wlder  l>ed  cM'curs  aelay  containing  small 
l)ands  of  sand  and  gnivel  and  continuing  downward  at  least  to  a  depth 
of  TOi*)  feet,  th(»  depth  of  the  well.     Following  is  a  log  of  the  well: 

Lof/  of  the  CnuMtVuintt'd  ( 'anal  i'otnj)auif*:t  irell  at  jilant  No.  1. 

Feet. 

Soil  and  clay 42 

Sand 3 

Clay  Mn<l  cement 35 

(travel  and  l)Owlders,  water  l>earinjr - 156 

Over  the  central  well  a  shaft  \)  feet  in  diameter  is  sunk  to  a  depth  of 
31  feet.  From  the  bottotn  of  this  tunnels  are  run  laterally  to  eom- 
numicate  with  the  wells  on  eith(»r  side.  A  horizontal  suction  pipe, 
from  which  a  vertical  suction  pipe  extends  into  each  well,  as  described 
for  the  Murphy-McQueen  plant,  connect.s  the  wells.  An  8-inch  hori- 
zontal centrifugal  jnunp  is  placed* at  the  bottom  of  the  shaft  in  order 
to  be  within  suction  distance  of  the  water,  and  an  electric  motor  is 
atbiched  by  direct  connection.  The  water  is  thus  drawn  from  the 
w(dls  by  suction  and  forced  to  the  surface  al)ove  through  a  large 
delivery  pipe.     (See  PI.  III.) 

Several  instructive  pumping  tests  were  made  at  this  plant  in  the 
si)ring  of  11H»2  for  the  purpose  of  ascerttiining  the  capacity  of  the 
wells  both  individually  and  collectively  and  the  effect  upon  the  general 
water  level. 

Pnuifiituj  teKla  of  thf  (^onMtlidah'd  i\uial  <  omiHimf  h  plxint  No.  1. 

[March  lo.  1902.1 

Original  depths  of  wells:  Ft.  in. 

North  well 7a5  0 

Central  well 1^6  0 

Southwell 236  0 
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Depth  of  water  below  the  surface  previous  to  starting;  the  pump:  Ft.     in. 

North  well 34      8i 

Central  well 34      8 

South  well - 34    11 

TaiNo.  1. — Central  well  alone  (others  being  shut  off):  After  two  hours*  Kteady 

pumping  the  water  stood  (below  surface) : 

Ft.    in. 

North  well 36  7} 

Central  well 55  4 

South  well 36  3 

Quantity  pumped:  50  inches  (563  gallons  per  minute). '' 

N  Normal  water      C  lavci  S 


\  V 


Fio.  4.— DepresBlon  of  water  table  during  test  No.  1 . 

Ted  No.  2. — North  well  (others  being  shut  off) :  After  seven  hours'  steady  pumping 
the  water  stood  (below  surface): 

Ft.    in. 

North  well 46    6 

Central  well 38    0 

Southwell ? 36    8 

Quantity  pumped:  83  inches  (934  gallons  per  minute). 

N  Normal         water     C        level  S 


? 

V) 

? 

___durinl_£iii:iE:^^^- ^T 

Flo.  5.— Depression  of  water  tabic  during  test  No. 


a  Xeasurementa  of  water  in  this  paper  are  given  in  "Arizona  inches."  The  measurements  are 
reduced  to  alM»lnte  qoantiUes  by  reckoning  40  inch  cm  as  equivalent  to  the  discharge  of  1  cubic  foot 
ot  water  per  second. 
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Tent  Xo.  s. — South  woll  alone  (othere  being  shut  off):  After  two  hours*'  steady 

pumping  the  water  Htoo<l  (lx»low  Hurfat-e): 

Ft. 

North  well 36 

( \'nt ral  wi'i  1 36 

South  well 48 

Quantity  puni|HnI:  75  inches  (H44  gallons  per  minute). 

N  Normal        water        C      laval  3 


in. 
5 
5 
5 


.;         Water      surface 


Fm.  (».— Doprcssiim  of  Avator  tabic  duriiiK  U'nl  No.  3. 
Tntt  A'".  .;.— Xortli  an<l  south  wfllscoupliHl  (central  well  shut  off):  After  ]uimping 
one  hour  the  water  HtcMwl  ibi'low  surface): 

Ft.    in. 

North  well 42    7 

Central  wcl  1 38    9 

South  well 43    7 

Quantity  puniiM'd,  12S  inches  (  1.440  pillons  jht  nunute).. 

N  Normal  water      C       level  S 


Fuj,  7.— I)<?i»n'sslon  of  water  tahh*  tiuriuK  tt*st  N(».  A. 
T(')tf  Xo.  '). — All  wells  conihintHl:  After  pumpiniLr  several  hours  the  water  stooa 
(Ih'Iow  surface): 

Ft.    in. 

North  well 41    4 

Central  well 41     2 

Southwell 40    8 

Quantity  pumped,  128  inches  (1,440  gallons  j»er  minute). 

N Normal         water     C  level  c 


Water 


surface 


during  pumping 


Fio.  8.— Deprtawion  of  whIct  table  during  U»t  No.  ft. 
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Armly9e9  ofimterfrom  ic^lU  at  Conmlidated  Caned  Company^ s  plant  No.  i.« 


I 


i^ujuuitaiivc  ( part*  in  100,000): 
Total  soluble  solids  at  110°  C. 


Chlorine  in  tcnns  of  NaCl  (cKmi- 
mon  salt) 


1.  AnalyHisof 
water  taken 

from  TOfvfoot 
well  before 

any  extensive 

pumping  had 
been  done. 


299.60 


Hartine^i  in  terms  of  CaS04  (sul-  | 
phate  of  lime) 

Alkalinity  in    terms  of   N%CO.h  ' 

(blaok  alkali) ' 

'  I 

Nitrogen  in  the  form  of  nitrates . . 

Nitrogen  in  the  form  of  nitrites 

(miiUtive: 

Sulphates 

Magnesia 

Lime 

Bicarbonates 


154.  «0 


.00 
.29 
.0105 

Very  t«trong. 
Strong. 
Htmng. 
Strong. 


,2.  AnalyiHlii  of 

M'ulur  Ulcfn 

Imm  23<>f(tot 

welt  lifHiii  nfter 

I  ij?4labii*Hhmoni 

'    r>f  plan  I  huL 

after  thorough 

^jumping* 


163.  «0 
104.40 

.00 

.12 

Very  faint. 

Very  strong. 

Very  strong. 

Very  strong. 

HtTtmg. 


A.  AnalytilAol 

wAler  fmm 

welljf  At  plant 

No,  1  Jirt*r  Vhc 

pumfi  had  been 

hi  cHM'aJikiiial 

amut  fSftLHjn 
montlm. 


127.40 
7h.m 
2R.10 

m 

Trace. 

Strong. 

Distinct. 

Pronounced. 

Strong. 


4.  Annlyiifiiif 

water  fnim 

well*  «t  Con- 

»o1idaied  Clin  A I 

Cn/AplMut  No. 

I    I  (ifter  lorig- 

I     eoiitinued 

pumping. 


179.  w 

llrs.f^O 

M.30 

.00 

Tmee. 

.00 

strong. 
Strong. 
Strong. 
Slight. 


Very 


■These  analy!«es,  as  well  as  the  greater  number  of  those  to  follow,  were  made  by  Prof.  R.  H.  Forbes 
*n*t  W.  W.  Skinner,  at  the  Government  experimental  laboratory  at  Tucson,  Ariz. 

The  sample  of  water  represented  by  analysis  No.  2  was  taken  after 
the  well  had  been  thoroughly  cleared  by  pumping.  It  may  therefore 
be  taken  as  representative  of  the  true  quality  of  the  water  pumped  at 
the  time  the  sample  was  taken.  Samples  from  the  other  two  wells 
were  taken  at  the  same  time.  That  from  the  705-foot  well  yielded 
157.40  parts  of  total  soluble  solids  in  100,000  parts  of  water,  and  that 
from  the  146-foot  well  showed  172.20  parts  in  100,000.  The  analysis 
of  the  water  from  the  236-foot  well  given  above  may  be  taken,  there- 
fore, as  an  average  representative  of  the  three  wells. 

An  inspection  of  these  figures  brings  clearly  to  mind  the  fact  that 
the  water  in  a  well  not  in  active  operation  is  not  a  fair  representative 
of  the  general  supply-,  there  being  in  this  case  at  least  a  difference  of 
135.8  parts  of  soluble  salts  in  100,000  parts  of  water.  There  are  many 
instances  in  the  valley  where  water  for  analysis  has  been  taken  under 
similar  circumstances  and  are  therefore  of  questionable  value.  The 
inspection  also  reveals  a  difference  in  the  proportion  of  the  various 
salts,  which  may  be  due  to  one  or  more  of  several  causes,  such  as  the 
«)inmingling  of  the  waters  of  different  composition,  the  contact  of  these 
waters  with  new  formations,  chemical  reactions  within  the  steel  casing, 
exposure  to  the  atmosphere,  or  the  relief  of  pressure.  The  last  two 
would  apply  especially  to  alterations  in  the  biciirbonates,  which  are 
abundant  in  these  waters.  The  relief  of  pressure  and  the  exposure  to 
tbe  atmosphere  would  have  a  tendency  to  allow  the  escape  of  the  car- 
bon dioxide  necessary  to  keep  the  normal  carbonates  in  solution  and 
tiius  allow  the  bicarbonates  to  change  to  their  insoluble  form  and  be 
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deposited.  Then*  sliould  therefore  be  a  smaller  showing  of  lime  in 
stundinj^  water  than  in  that  dniwn  from  the  deeper  unexposed  sources. 
In  the  a)H>vo  samples  the  pi^oportion  is  20.90  to  44.50,  the  samples 
heinjr  taken  from  the  same  well  l)efore  and  after  thorough  clearing  of 
the  well  by  pumping. 

The  lime  is  stated  in  tenns  of  i*alcium  sulphate.  This  does  not  mean 
that  the  lime  is  of  nt^eessity  eombined  as  a  sulphate.  Much  of  the 
lime  reckoned  as  calcium  sulphate  proliably  occurs  as  calcium  bicar- 
bonati\  The  loss  of  carlion  dioxide  (CO,)  from  this  compound,  which 
CK'curs  when  the  pivssure  is  relieved,  as  in  the  case  of  transferring  the 
wat4»r  from  the  well  to  the*  surface,  changes  it  to  the  comparatively 
insoluble  calcium  carbonate*  (CaCOj),  which  is  deposited  as  a  solid. 
This  phenomenon  of  deposition  of  lime  when  wat«r  stands  exposed 
is  well  illustmted  in  the  annoying  deposition  of  lime  in  kettles  and 
driiiking  cups  in  which  water  containing  carbonates  is  used. 

The  third  analysis  indicates  a  marked  decrease  in  the  amount  of  sol- 
iible  salts.  There  is  a  popular  belief  throughout  the  vallej^  that  wells 
improve  by  use.  In  many  aises  where  the  judgment  is  based  upon  taste 
it  is  probable  that  the  (piality  of  the  water  has  changed  less  than  the 
taste  of  the  persons  using  it.  In  the  case  of  the  (/handler  wells,  how- 
ever, the  analyses  seemed  to  indicate  that  there  might  be  an  actual  and 
notable  improvement  in  the  water  as  the  wells  are  used.  On  the 
other  hand,  a  chaiige  in  the  opposite  dire<'tion  is  indicated  by  the 
analyses  of  the  Phoenix  city  supply,  which  are  given  in  the  description 
of  the  Phoenix  wells.  The  improvement  of  the  water  by  the  continued 
use  of  tlu*  wells  is  so  desinible  that  too  nuich  importance  is  likely  to  be 
attached  to  any  indication  of  such  improvement.  This  is  well  illustrated 
in  analysis  No.  4,  al)ove.  After  the  sample  for  No.  3  was  taken  the  well 
was  in  continuous  ojieration  for  al)out  nine  months,  when  the  sample 
was  taken  for  analysis  No.  4.  If  continuous  pmnping  will  improve 
the  (jualit}'  of  the  water  the  last  analysis  should  show  improvement. 
On  the  contmr\',  it  indicates  a  notable  increase  in  the  salt  contents. 

An  attempt  was  made  January  li),  nM)4,  to  take  the  temperature  of 
the  705-foot  well.  It  was  found,  however,  that  the  well  had  filled  with 
sand  to  the  375-foot  level.  The  temperature  at  this  depth  is  84.6^  F., 
while  the  temperature  at  the  depth  of  150  feet  was  fou!id  to  l)e  81.1^  F., 
making  an  increase  in  tem|^»niture  downward  of  1^  F.  for  64.3  feet. 

•  PLANT  NO.  2. 

A  second  pumping  plant,  similar  in  construction  to  No.  1,  has  lieen 
established  1,000  feet  east  of  the  fonner.  Two  15-inch  double-steel- 
cased  wells  have  been  put  down  to  a  depth  of  a  little  over  246  feet, 
and  a  central  shaft  31  feet  deep,  with  a  tunnel  connecting  it  with  the 
wells  o!i  either  side,  has  been  constructed,  containing  a  10-inch  cen- 
trifugal pump  and  electric  motor,  as  described  for  the  lii-st  plant. 
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This  plant  was  completed  in  June,  1903,  and  a  careful  pumping  test  was 
niade,  the  results  of  which  are  kindly  furnished  by  Dr.  A.  J.  (.'handler 
for  this  report.  The  tests  were  conducted  under  the  direction  of 
Mr.  P.  E.  Fuller. 

Ijog  of  v-ell  at  Ommlidnted  Camii  Companif*H  plant  Xo.  £. 

Feet. 

Soil,  clay,  and  cement 22 

Cement 14 

Sand,  water  liearing ' 10 

Cement. (i 

White  clay :^0 

Sand,  gravel,  and  bowlders 164 

Yellow  clay (?) 

Pumping  tent  of  v:ells  at  Conmlidaied  Canal  Otrnpamf*  plant  No.  ^. 
[Data  furnished  by  Dr.  A.  J.  Chandler] 

AVCEAGE   OF    READING8    OP   BYRON   JACKSON    10-INCH    HORIZONT.AL   rKNTRIFTTC.AL   PIMP. 

[Readings  for  30  minuter  averaged.] 

Speed,  r.  p.  m 852 

Vacnum,  in  feet 15. 30 

Prewore,  in  pounds 13.  75 

Head,  in  feet,  between  gages 3. 66 

Head,  in  feet,  due  to  vacuum 15. 30 

Head,  in  feet,  due  to  pressure 31 .  6S 

Total  head,  in  feet 50.^5 

Depth  of  water  in  36-inch  weir 7.  75 

Miner's  inches  flowing 1 97.  5 

Net  water  horsepower 2S.  33 

Miner's  inch  taken  at  IJ  cubic  feet  per  minute. 

AVERAGE   OF   READINCH   OP   WESTINOKOrSK  TYPE    "0"    TWO-PHASE    MOTORS. 

Speed  of  motor,  r.  p.  m H52 

Total  amperes  in  Iwth  phases 1 88 

Difference  of  potential 205 

Apparent  energy,  kilowatts 38.  54 

Watt  meter  specnl 40 

True  energy,  in  kilowatts 32.  80 

Power  faitor 83.  03 

Actual  horsepower  consumed 42.  88 

Combined  efficiency (W).  06 

Efficiency  for  motor 82.  50 

Efficiency  for  pump 80 

Efficiencies  for  units  are  correct.     Others  ba.se<l  u|k>ii  pump  guaranty. 

From  the  figures  thus  ol)tained  the  cost  of  raising:  water  is  computed: 

Computation  of  rost  for  pumping  plant  Xo.  2  of  the  ( 'onsolidated  Canal  (hmpanij. 

Cort  of  wells  and  machinerj- ^8, 000. 00 

Interest  on  investment  at  7  per  cent  i)er  annum  for  2.44  hours $0. 16 

Depreciation  at  10  per  cent  per  annum  for  2.44  hours ^).  23 

Time  in  hours  to  pumn  1  acre-foot  of  water 2. 44 
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80.03  kilowatts  at  3  cent" $2. 40 

( )il  and  incid^^ntals  (t^timate<l ) $0. 05 

Total  cost  iK»r  aero-foot $2.  84 

Lift,  in  fwt 50. 64 

A  vt»rajro  cost  i>er  foot  in  liftinjr  1  acn^f^mt  of  water $0. 056 

In  computing  the  cost,  the  cost  of  the  power  lised  could  not  be 
ascertiiineil  owing  to  the  lack  of  definite  experiments  in  the  develop- 
ment of  that  ix)wer.  This  item  is  therefore  reckoned  at  the  rate  at 
whicli  it  would  l)e  furnished  by  the  Electric  Light  and  Fuel  Com- 
pany of  rh(H^nix. 

VJJiST  NO.  H  (SKC.  84,  T.   1  S.,  R.  5  E.). 

A  third  pumping  sbition  has  been  established  about  2  miles  south  of 
the  fii'st.  Two  double-steel-cased  15-inch  wells  have  been  drilled  262 
feet  deep,  and  provided  with  a  lO-inch  centrifugal  pump  and  an  electric 
motor,  as  in  the  wells  previously  described.  The  water-bearing  grav- 
els lie  42  feet  deeper  here  than  in  the  first  set  of  wells,  and  the  gravel 
l)eds  are  correspondingly  thinner.  But  the  water  rises  to  practically 
the  same  elevation  as  in  the  other  wells,  87  feet  l>elow  the  ground  sur- 
face.    Following  is  a  log  of  the  well: 

Tauj  i)f  well  nt  (hiiwlidafed  (\innl  <hmf)any')i  plant  No.  S. 

Feet. 

Siirfat*e  soil 4 

Sand : 3 

I  lardpan 5 

Sand 4 

Clay 8 

Sand 12 

Clay J 8 

Cement ii 

Sand,  water  U^arinp 10 

Clay 20 

Cement 4 

White  clay 16 

Yellow  elay 10 

( Jreen  day 12 

(iravel  an<l  Imwlders.  water  Ix^arin^ 1.36 

Clay  and  sand 4 

The  plant  was  put  in  oijemtion  in  ,lune,  1JH)8,  and  a  pumping  test 
made  under  the  direction  of  Mr.  Fuller. 

Piimpiruj  tc»t  nf  welh  at  (humlidated  Canal  ('omimni/x  plant  Xo.  S. 

[Data  furnished  by  Dr.  A.  J.  ChandU'r.] 

AVKRAc;K   of  KEAI)IN<;s   ok    MYRON    .IACKKON    IO-INCII    horizontal  CKNTRIFrCJAh   Pl'MI*. 

[Rfttdlnjfs  for  30  iniiuite«  averaKCHl.J 

SikhmI,  r.  J),  m ., H60 

Vaenum,  in  feet 14.30 

Pressnre.  in  ponn<ls 12.50 
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Head,  in  feet,  between  gages 3. 85 

Heaul.  in  feet,  due  to  vacuum 14. 34 

Httwi,  in  feet,  due  to  preesure 29. 37 

Total  head,  in  feet 47. 56 

Depth  in  water  in  36-inch  weir 7. 87 

Miner's  inches  flowing 202 

Net  water  horsepower 27. 22 

Miner's  inch  taken  at  1 J  cubic  feet  pt»r  minute. 

AVERAGE  OF   READlN<f8  OF   WESTINOHOUSB  TYPE    '*0"    TH'O-PHASE   MOTOR8. 

Speed  of  motor,  r.  p.  m 860 

Total  amperes  in  both  phases IH(\ 

Difference  of  potential 205 

Apparent  energy,  kilowatts 38. 13 

Watt  meter  speed 40 

True  energy,  in  kilowatts 32 

Power  factor 8,3. 09 

Actual  horsepower  consumed 42. 88 

Combined  efficiency 6.3. 48 

Efficiency  formotor 80. 80 

Efficiency  for  pump 78. 50 

Efficiencies  for  units  are  correct.     Others  art*  based  upon  pump  guaranty. 

From  the  figure**  obtained  in  this  test  the  coniputiition  of  cost  is  as 
follows: 

1 

i  (hmputatUm  of  cont  of  well  No.  .f  of  the  Ommlidated  Canal  (hmpanf/. 

Cost  of  wells  and  machinery $8, 000.  CX) 

Interest  on  investment  at  7  per  cent  per  annum  for  2.4  bourn $0.  15 

lHrpre<*iation  at  10  per  cent  per  annum  for  2.4  hours $0. 19 

Time  in  hours  to  pump  1  acre-foot 2. 4 

Kilowatts  u.sed  to  pump  1  acre-foot 76.  8 

76.8  kilowatts,  at  3  cents ^2.  .30 

Oil  and  incidentals  (estimated ) ^0. 05 

Total  cost  per  at.^n'-foot $2.  69 

Lift,  in  feet 47.  56 

Average  cost  per  foot  in  lifting  1  acre-f(M)t  of  water i^.  054 
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AfinhfH^x  of  tnttrr  fnnn  u'dh  at  f  btUHtlidatfil  Oinal  fhmftany^n  plant  No.  S. 


Sample  taken 

X*  anv  p 

(  had  Ik 

done. 


ilK>fore  anv  pum]»- 
inK  had  been 


(^luntiUitivo  (i»artH  in  100.0(H)): 
Total  s<ilidHw»liil)lo  at  110°  V 


ChloriiK'  in  tiTinn  of  Na(M  (ti>m- 
nion  Halt ) 


HanhutiH  in  ttTnin  of  (^aSO^  (sul- 
phate of  linu') 


Alkalinity   in   tcnnn    of   Na,(M)g 
(black  alkali) 


102.40 
80.40 
52.  20 


.00 

.274 

.00(>1 


Hample  taken 

after  thorough 

pamping. 


8iunple  taken 
after  the  pump 
had  been  in  con- 
tinuous operation 
fbr  about  eight 
motithn. 


Nitrojfi^n  in  thi»  form  of  nitrates.. 
Nitn)g(»n  in  the  form  of  nitrite**.. 
(Qualitative:  ! 

Sulphat4»H Vt»ry  stnmjf. . ' 

MagiR^sia Stnmjj. 

Lime Very  Htronjf.  j 


84.80    I 

44.60    ; 

18.50 

.00 
.206 
Tratv. 

Strong. 

Distinet. 

Strong. 


HicarlK)nat«»s. 


Stn)n>r.      Very  strong. 


82.60 

41.20 

1.10 

.00 
.10 
.0 

Strong. 
EHstinct 
Distinct. 

Strong. 


PLANT    NO.  4  (SK<\  84,  T.   1   S.,  R.  5  E.). 

A  fourth  pnnipinjjf  stiition  has  h(»on  «\stahlished  about  a  quarter  of  a 
inih»  (^ast  of  No.  l^,  'I1i(»n>  aiv  two  (loul)l(»-st(H*l-(?ased  wells  alK)ut  200 
f(H>t  (l«»ep,  (^(iuipp(Ml  with  (^hn'tric  motor  and  pampas  described  for  the 
oth(»r  plants  bolonjjfinjif  to  this  company.  T\w.  phmt  was  put  in  opera- 
tion al)out  January  1,  UH)4.  No  pumping  tests  have  yet  been  made, 
but  the  phmt  yields  apparently  the  sjum*  vohuue  of  water  as  the  wells 
just  described. 

Annli/nis  of  iintU'r  (mm  irelh  <U  Ctnmtlidnteti  Omni  Onu/hint/'H  plant  Ao.  ^. 
(SiimpU'  taken  .liinuary  js.  19(M.] 

(Quantitative  (i^arts  in  1(K),(KH)): 

Total  HoiidH  H<»luhle  at  1 10°  C 69. 00 

Chlorine  in  termn  of  NaCl  (eommon  salt ) 40.  (X) 

Hardness  in  terms  of  ('aS04  (sulphate  of  lime)  : 14.  70 

Alkalinity  in  terms  of  Na^COs  ( hlaek  alkali ) 00 

NitrogtMi  in  the  form  of  nitrates 20 

(Qualitative: 

Sulphat4»s Stn)ng. 

Majjnesia 1  )istinet. 

Lime Distinct* 

liicarbonates Btrong. 
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PLANT    NO.    5   (sec.    15,   T.    2   8.,    R.    5   K.). 

A  fifth  pumping*  plant  was  started  about  11  miles  south  of  Mesa, 
where  a  15-inch  double-steel-cased  well  was  sunk  365  feet.  The  con- 
ditions encountered  were  unfavorable  for  a  satisfactory  pumping  plant, 
ind  no  more  inrelln  were  put  down.  At  a  depth  of  58  feet  a  4-foot 
water-bearing  sand  stratum  was  encountered  from  which  the  water 
rose  7  feet — that  is,  to  within  51  feet  of  the  surface.  No  more  water 
wtuj  found  until  the  bowlders  were  encountered  at  a  depth  of  365  feet. 
Water  from  the  bowlder  bed  rose  to  the  same  level  as  that  from  the 
stratom  above — that  is,  to  within  51  feet  of  the  surface.  No  test  of 
the  quantity  available  has  been  made. 

Ijog  of  t/W/  €Li  Consolidated  Canal  Company* 8  plant  No.  ft, 

»  Feet. 

Soil 7 

Gravel 5 

Yellow  day ^2 

Bind  and  gravel 12 

Whiteclay 22 

Sand,  water  bearing ^ 

Packed  gravel 22 

Cemented  sand 24 

CUy 8 

Cemented  sand - ^ 

Clay 4 

Gravel ^ 

CUy 74 

Sand 2 

Clay 20 

Sand 2 

Yellow  clay 78 

Re«lclay 23 

Soft  white  clay -^ 

Bowlders (?) 

The  material  j>as8ed  through  in  this  well  is  in  marked  contrast  with 
that  of  the  neighboring  wells.  The  upper  13(>  feet  has  much  coarse 
material,  but  contains  little  water.  There  is  thus  far  little  difference 
in  material  from  the  upper  126  feet  of  the  wells  at  No.  3,  about  3  miles 
to  the  north.  In  the  wells  at  No.  3  water-bearing  bowlders  occur  from 
the  126-foot  level  down  to  262  feet,  where  clay  is  encountered.  In  the 
wells  at  No.  5  clay  begins  at  the  134-foot  level  and  extends  downward 
to  a  depth  of  365  feet,  where  the  bowlders  are  encountered.  Here, 
then,  is  a  case  where  a  bowlder  bed  136  feet  thick  either  pinches  out 
entirely,  giving  place  to  clay  within  a  distance  of  about  3  miles,  or 
inclines  downward  239  feet  in  this  distance. 
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PLANT  NO.   6. 

AlM)iit  1  inilo  oast  of  piimpinjf  plant  No.  1  a  diig  well  58  feet  deep 
rontaiiis  water  in  suffirient  quantity  to  warrant  the  eittablishment  of  a 
pumping  plant.  It  is  said  that  in  digi^ing  this  well  a  hard  layer  of 
cement  was  oncoiintcnHl  jit  a  depth  of  a  little  less  than  68  feet.  When 
this  WHS  broken  through  the  water  at  onci}  rose  16  feet  in  the  open 
w(»ll  -that  is.  to  within  42  feet  of  the  surface.  This  well  is  in  sligfatlj' 
higher  jifround,  hut  th«^  water  level  is  pnw^tieally  the  same  as  that  in 
the  wells  1  mile  to  the  west,  at  pumping  plant  No.  1.  The  water  lieneath 
th(»  cement  layer  is  probably  the  same  as  that  encountered  in  the  wells 
of  plant  No.  I  at  a  dei>th  of  3<5  and  42  feet,  respectively,  and  in  the 
wells  2  mil(»s  to  the*  south  at  50  feet  deep.  In  the  deep  wells  this  water- 
bearing sand  was  found  to  be  from  8  to  10  feet  thick,  and  to  contain  a 
larg<»  amount  of  water. 

'hu*  analysis  indicates  that  this  water  is  completely  separated  from 
the  water  in  tin*  bowlder  bed  beneath.  Two  characteristics  are  worthy 
of  sp(»cial  notice— the  absence  of  sulphate  of  lime  and  the  presence  of 
a  large  amount  of  black  alkali.  In  these  i-espects  the  water  is  in 
marked  rontnist  with  that  found  only  80  feet  Inflow,  which  has  much 
sulphate  of  lime  and  no  bhick  alkali. 

AiKtliisi.^  of  inittr  tmin  mil  at  ('nu.^taliiittti'ti  Ctmnl  <.\>mp<niff^f  f}fmit  \o.  ti. 

C^iantitativo  ^jwrts  in  10t),(HK)): 

T.)tal  s«)Iu1m  s(»hiMi'  at  1 10°  r 108.  20 

(Miloriiio  in  tonus  of  NaCl  («Nnnnn»n  s;ilt^ 4H.  SO 

llanhu'ss  in  tonus  of  (^aSO,  isulpliato  of  linio^ 00 

Alkalinity  in  tonus  of  Na.(  '*  h  « l»hnk  alkali ) 7.  63 

Nitrop'n  in  tho  fonn  of  nitrates 21 

Nitro^jiMi  in  tho  fonn  of  nitritos 0094 

Qnalitativo: 

Snljibatos Strong. 

Ma^nosia Distinct. 

l.inio Distinot. 

1  'aiK  ^natos Slight, 

IM.ANT  NO.  7. 

A  well  has  been  drilKnl  at  the  power  hiuisc  of  the  Consolidated 
C'anaU\un|mny,  i*  \\\\Ws  northwest  of  Mc>a,  t\»r  the  pur^H>se  of  obtain- 
in*r  water  for  use  at  the  enofine  hotise.  It  i^  a  l.'^-ineh  double-steel- 
cased  well,  and  is  <W  feet  ileep.  The  uppt^r  11  feet  i^  an  admixture 
of  sand,  silt,  and  Unvlders  i»f  the  recent  river  deposit.  Kelow  this  a 
cemented  U^wlder  bed  i»eeurs  and  continues  unehanired  to  the  l>ottoni 
of  the  well.  The  Unvlder  UhI  i^  probabl\  the  same  a<  that  ivpresented 
in  the  ed»reof  the  mcNa  at  that  \h^\\M.  Phe  well  i>  biu  a  few  feet  from 
the  blutf  represented  in  V\.  l\ .    l. 

/....;     ••  ..-.iV  .iM  '■'ivs'm'.!.'. '/  <  ^»i  ;     «  .-'IK".    ^-       ■       \.      ^ 

Sjunl.  silt,  an»l  irnixoi 14 

I  Vinontisl  K»wMors« 54 
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/;      A    J     HANSEN'S    PUMPING    PLANT. 
Discnarginyj  518  incncs  •  f  Aat»!r. 
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SEEPAGE   WELL. 

age  well  was  constructed  near  the  power  house  of 
ted  Canal  Compan}^  under  the  direction  of  W.  H.  Cf 
escribed  it  in  the  report  previously  referred  to." 
nt  is  not  now  in  opemtion.  Mr.  Code's  descrip- 
gure  are  here  tmnscribed  because  of  their  bear- 
the  quantity  of  water  obtainable  from  surface 
ar  the  river. 

r  liaH  lia<l  some  experience?  in  tlie  sinkinj:  of  ojwn  wells 
T  Valley,  which  may  l)e  of  value  to  K<ome  horticulturists 
who  <.*<^utemplate  a  similar  work.  To  a  man  who  has 
ual  exixirience  with  the  ])owlder  and  quicksand  strata 

in  digging  wells  in  this  vi<;inity,  the  mere  excavation 
,ell  may  seem  ordinarily  easy. 

>lidated  (*anal  Comjmny  decided  to  investigate  the  under- 
?r  supply  in  the  vicinity  of  their  water-i>ower  plant  near 

Since  it  was  to  be  simply  an  extwrimental  well,  it  was 
t  to  construct  it  in  the  least  expensive  manner  ])os8ihle. 
ud  in  view  a  contract  was  given  to  some  miners  to  sink 
H»p  as  we  should  desire,  at  a  stipulate<l  price  i)er  linear 
ih,  we  to  keep  tlie  water  out  of  their  way  and  also  to 
lund>er  for  cribbing  the  well.  The  miners  proceetle<l  in 
c^Hnmon  in  the  sinking  and  timl>ering  of  mining  shafts, 

the  water  out  of  their  way  as  per  contract.     The  natural 

the  ground  water  was  7  feet  Inflow  the  surface  level  at 
*iecte<l,  and  for  this  <listance  the  excjivation  was  in  earth, 
epth  on  the  formation  was  alternate  layers  of  (|uicksand 
rs.  The  well  was  8  ])y  1()  feet,  inside  measurement,  and 
H.»reeverance  in  the  face  of  many  o}>stacles,  we  sunk  it  to 
'.i  feet  below  the  normal  level  of  tiu'  water.     It  is  needless 

detail  concerning  the  trouble  and  expense  (onnected  witli 
kind  of  a  well  through  the  material  jibovi-  menti<med  to 
licient  to  give  a  maximum  How  of  4  cubic  feet  j>er  second 
r»  inches).     We  were  taught  ])y  this  expt'ricnce  how  not 

wells,  for  although  this  one  is  still  in  fair  <'cndition  after 
3i'veral  years,  we  know  it  is  not  a  permanent  structure. 

well  wa«  sunk  as  deep  as  we  dtHMiicd  practicable,  the 
*  some  observations  as  to  tin'  effect  of  tiie  steady  j)umping 

II  feet  per  second  (150  miner's  inches)  on  tiie  water  levels 
A'ells.  Pits  were  sunk  at  varying  distances  from  the  large 
,  and  careful  levels  were  taken  of  the  surface  of  the  water 

previous  to  the  test  run,  tin*  elevations  being  foun<l  j)rac- 
ame.  The  pump  was  started  in  the  central  well  and  dis- 
nstant  stream  of  .*J.7'>  cubic  feet  per  second  f(>r  oiu^  hundred 
Lirs,  near  the  end  of  which  time  levels  were  again  taken  of 
the  various  sumps.  The  sketch  hen»with  submitted  shows 
the  exjieriment  (tig.  9).  It  will  Ik*  seen  that  tlie  water 
well  pumped  from  was  lowered  to  a  depth  of  17.()S  feet 

III  level.  No.  1,  distant  55  feet,  to  a  depth  of  (5.76  feet  below 
I;  No.  2,  distant  90  feet,  to  a  de{)th  of  5.1H  feet  ])elow  normal 
;,  distant  118  feet,  to  a  depth  of  4.1K)  feet  below  normal  level;   No.  4, 

I..  Report  of  irrigation  investigation  for  1900,  No.  2:  V.  S.  Dept.  Agrl<\,  Bull.  104, 
lig.  14. 
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(lintant  18()  feet,  to  a  depth  of  3.50  feet  below  normal  level;  and  No.  6,  distant  360 
fwt,  to  a  <lepth  of  1  foot  l)elow  normal  level.     • 

It  will  be  noted  that  the  sump  at  a  distance  of  360  feet  from  the  main  well  was 
loweretl  a  depth  of  about  1  foot  and  that  the  steepest  cone  of  depression  was  that 
l)etween  the  main  well  and  the  test  hole  No.  1. 

OLSEN  WELLS  (SEC..18,  T.  i  S.,  R.  5  E.). 

Mr.  E.  OWtrs  pumping  plant  in  situated  about  6  miles  southwest 
of  Mesa.  There  are  live  12-inch  double-8teel-ca8ed  drilled  wells,  212 
feet  deep,  placed  80  feet  apart.  A  central  shaft  sunk  to  water  level 
communicates  with  the  wells  as  in  the  pumping  plants  previously 
described.  A  12-inch  horizontal  centrifugal  pump  is  placed  near  the 
lK)ttom  of  the  shaft  and  operated  by  steam  power  from  above.  When 
run  at  ordinary  speed  the  pump  is  said  to  discharge  375  inches  of 
wati»r  (-1,219  gallons)  per  minute.  The  wells  yield  this  amount  readily, 
the  action  of  the  pump  lowering  the  water  only  8  feet  below  the 
normal  level. 

lA)tt  of  E.  OlneiCs  well. 

Feet. 

Sandy  w)il  with  Imnds  of  vvnient 46 

(May 2 

CoanH»  jjravel  ami  lK>wUlen!«,  water  bearing 82 

Sand 4 

Clay  : 12 

Coarse  jjravel 14 

Sjiiul 10 

Sand  an<l  ^jravel 6 

Clay 24 

Saml 12 

The  principal  water-btmring  stratum  was  encountered  at  a  depth  of 
4S  foet  and  is  S2  fec^t  thick.  The  water  from  this  stratum  rises  to  a 
level  It)  feet  below  the  surface  of  the  ground.  This  level,  however, 
varies  sonuMvhat  at  different  times.  On  February  1,  1903,  measure- 
nu^nts  wen*  nnuU*  to  determine  the  amount  of  the  lowering  of  the 
water  level  caused  by  the  pump.  On  April  14,  ltH)3,  measurements 
were  again  made  under  the  same  conditions,  the  quantity  of  water 
discharged  by  the  pump  being  the  siune  in  each  case,  4,219  gallons 
jHM*  minute.  The  water  level  at  the  time  of  the  first  measurement 
was  2  feet  lower  than  at  the  time  of  the  stvond  measurement.  The 
normal  water  level,  indit^ated  l>y  the  elevation  of  the  water  when  the 
pumps  wen*  not  running,  had  also  rivsen  alH)ut  2  feet  during  this  time. 
This  variation  of  water  h»vel  seems  to  Ih^  due  to  an  annual  change, 
although  observations  have  not  extended  i>ver  a  sufficient  length  of 
time  for  determination. 

The  analysis  of  water  from  Mr.  Olsen's  wells  indicates  a  largt*  con- 
tent of  salts.  The  sihUuiu  carlK>nate  or  black  alkali,  which  is  most 
harmful,  is,  however,  al>sent.     The  sulphate  of  lime  is  harmless,  and 


UEiLl  WELL   BECOBDS THE   MESA    REGION.  31 

the  common  salt,  although  very  abundant,  could  be  washed  out  of  the 
soil  with  comparative  ease  should  it  accumulate  in  too  large  quantities. 
The  nitrates,  so  valuable  in  irrigation,  are  abundant.     It  is  possible,  as 
many  believe,  that  the  continued  use  of  so  saline  an  irrigation  water 
for  a  series  of  years  will  prove  harmful  to  the  land,  unless  precautions 
aro  taken  to  prevent  the  iUTumulation  of  salts  in  harmful  quantities. 
I   The  quantity  and  kind  of  salt  which  ma}'  be  present  in  irrigation 
[    waters  depend  so  largeh'  upon  the  physical  and  chemical  comiX)sition 
of  the  land  irrigated  and  upon  the  manipulation  of  that  land  that  pre- 
diction is  useless  without  a  more  extended  knowledge  of  facts. 

Analysis  of  tcater  from  E.  Ol8eii*8  well. 

Qnantitative  (parts  in  100.000) : 

Total  solids  solnble  at  110«*  G 381. 00 

Chlorine  in  terms  of  NaCl  (common  salt) 235. 20 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 59. 84 

Alkalinity  in  terms  of  NajCO,  (black  alkali) 0 

NitPc^?en  in  the  form  of  nitrates 2. 00 

Nitrogen  in  the  form  of  nitrites Faint. 

Qualitative: 

Sulphates Very  strong. 

Magnesia • Strong. 

Lime Very  strong. 

Bicarbonates Very  strong. 

HANSEN  WELLS  (SEC,  35.  T.  i  S.,  R.  4  E.). 

Mr.  A.  J.  Hansen's  pumping  plant  is  located  about  10  miles  south 
of  Tempe.  There  are  four  12-inch  drilled  wells,  double-steel  cased, 
30  feet  apart,  and  sunk  to  a  depth  of  200  feet.  A  central  shaft  con- 
taining a  12-inch  horizontal  centrifugal  pump  is  sunk  to  water  level. 
From  this  shaft  tunnels  communicate  with  the  wells  as  explained  for 
the  Murphy-McQueen  plant,  and  the  wells  are  connected  by  a  hori- 
zontal suction  pipe.  The  pump  is  operated  at  the  surface  by  steam 
power,  connected  by  belt  to  the  pump. 

No  satisfactory  tests  have  been  made  on  the  capacity  of  the  plant. 
The  best  measurements  obtainable  indiaite  a  yield  of  about  518  inches 
(see  PI.  IV,  B)^  or  something  over  5,000  gallons  of  water  per  minute. 
Mr.  Hansen  is  preparing  to  irrigate,  in  this  way,  his  entire  tract  of 
something  over  1,100  acres.  At  the  present  writing  about  500  acres 
are  supplied  with  pumped" water. 

When  the  pump  is  run  at  full  speed,  drawing  fix)m  the  four  wells 
alike,  the  water  level  in  the  wells  is  lowered  9  feet  3  inches,  making 
the  total  lift  26  feet  3  inches.  When  the  water  is  drawn  entirely  from 
an  end  well,  the  others  l^ing  shut  off,  the  water  level  in  that  well  is 
said  to  lower  18  feet,  while  in  the  well  W  feet  distant  it  lowers  5  feet. 
The  effect  on  the  intervening  wells  was  not  determined. 
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In  drilling  the  welU  very  little  surface  water  was  encountered,  but   3 
at  a  depth  of  7<>  feet  water-lK»aring  gravels  and  bowlders  were  encoun- 
tered, from  which  the  water  rose  58  feet— that  is,  to  17  fe^t  below  tne 
surface  of  the  ground. 

Iahj  of  a.  J.  IfaiisefCi*  ttrU*. 

Feet. 

Soil,  sand,  and  cement .' 72 

Hard  (•einent 4 

Coarne  Hand,  jfravel,  and  bowlders,  water  l)earing 124 

In  the  course  of  the  drilling  two  circumstances  were  noted  indica- 
ting the  looseness  of  the  water-bearing  gravels.  In  drilling  the  last 
well  it  was  noted  that  the  water  in  the  first  one,  90  feet  distant,  moved 
in  unison  with  the  plunge  of  the  sand  pump.  As  the  sand  bucket, 
with  its  massive  attachments,  descended,  the  water  surface  in  the  first 
well  was  agitated  and  moved  slightly  upward.  As  the  sand  bucket 
was  withdrawn  the  water  surface  was  lowered  slightl}',  maintaining  a 
churning  motion  in  unison  with  the  drill.  The  second  circumstance 
was  noted  in  connection  with  sinking  the  casing.  The  casing  is  usu- 
ally forced  downward  under  heavy  pressure  by  means  of  hydraulic 
jacks  into  the  hole  made  by  the  sjind  pump.  In  Mr.  Hansen's  wells 
the  gravels  were  so  loose  that  the  casing  settled  into  them  of  its 
own  weight  and  had  to  be  held  })ack  to  prevent  it  from  settling  faster 
than  desired. 

Three  analyses  have  been  made  of  water  from  these  wells,  the  first 
taken  •January  2,  ltH)8,  and  the  second  March  2,  1903,  before  any 
extensive  pumping  had  been  done.  A  third  analysis  was  made  May 
14,  19(4,  after  the  pump  had  been  in  constant  operation  for  about 
five  months. 

AmUyHes  of  irater  from  A.  J.  Haii»ei\*»  welU. 


No.  1. 


(iiiantitative  (parts  in  100,()0()): 
Total  HolidH  soluble  at  1 10°  (' 


Chlorine  in  terms  of  NaCl  (roni- 
nion  Halt ) 


HardneHH  in  lernin  of  CaSO^  (sul- 
phate of  lime ) 


Alkalinity   in    tenns  of   Na,(X)8 
( black  alkali ) 


hm.  0 


I 


855.  0 


(iO.» 


.0 


Nitrogen  in  the  form  of  nitrates , 

Nitrogen  in  the  form  of  nitrites , 

Qualitative: 

Sulphates I  Very  strong. 

Magnesia , ,  Very  strong. 

Lime '  Very  strong. 


No.  2. 


446.  S 

.S07.  0 

i:i5.4 

.0 
Faint. 
Faint. 

Very  strong. 
Very  strong. 
Very  strong. 


No.  3. 


442.0 

311.0 

151.2 

.0 
Trace. 
.01 

Very  strong. 

Strong. 

Very  strong. 
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TEMPB  CANAL  COMPANY'S  WELLS  (SEC.  19.  T.  i  N.,  R.  4  E.). 

The  Tempe  Canal  Company  harf  undertaken  the  construction  of  a 
large  pumping  plant,  designed  to  augment  the  water  supply  of  the 
Tempe  canal.  A  battery  of  ten  15-inch  wells  is  planned.  Two  of 
these  are  completed  at  the  present  writing.  The  wells  are  50  feet 
apart,  and  will  be  operated  from  a  central  station.  It  is  expected 
that  the  ten  will  yield  1,000  inches  of  water.  It  is  the  purpose  of 
the  conipany  to  increase  the  output  to  3,000  inches,  if  water  is  found 
in  sufficient  quantit}-  to  warrant  such  expansion. 

The  pumps  will  be  so  placed  as  to  discharge  the  water  into  the  Tempe 
canal,  thus  mixing  the  pumped  water  with  the  river  water  and  dis- 
tributing it  uniformly. 

The  material  encountered  in  these  wells  differs  notably  from  that  in 
neighboring  wells  in  the  absence  of  the  great  number  of  bowlders. 
The  material  is  described  as  sand  and  gravel  rather  than  as  gravel  and 
bowlders,  as  in  other  wells,  and  the  lower  33  feet  is  clay. 

Log  of  Tempe  Canal  Company* 8  v}elU. 

Feet. 

Soil 10 

8«id  and  gra v el 157 

Clay 33 

VALLEY  SEEDLESS  QRAPE  COMPANY'S  WELLS  (SEC.  4,  T.  i  S., 

R.  4  E.)- 

The  company's  vineyard  is  situated  about  4  miles  south  of  Tempe. 
There  are  two  12-inch  drilled  wells,  one  at  the  southern  end  of  the 
vineyard,  348  feet  deep,  and  one  at  the  northern  end,  250  feet  deep. 
In  the  250-foot  well  water-bearing  gravels  were  encountered  at  a  depth 
of  about  190  feet.  The  water  from  the  gravel  bed  rose  to  a  level  18 
feet  below  the  surface  of  the  ground.  The  348-foot  well  is  on  higher 
land  and  the  water  level  is  30  feet  below  the  surface.  No  careful 
driller-s  record  was  kept,  but  the  foreman  in  charge  reported  that  the 
material  passed  through  was  a  mixture  of  sand,  clay,  and  cement  to  a 
depth  of  about  120  feet.  At  this  depth  sands  and  gravels  begin  and 
alternate  with  granitic  wash  to  a  depth  of  about  300  feet.  No  water 
worthy  of  mention  was  found  until  a  bed  of  gravel  9  feet  thick  was 
encountered  at  a  depth  of  about  275  feet.  Below  the  3()0-foot  level 
the  material  is  granitic  wash  down  to  340  feet,  where  hard  red  gmnitc 
was  found.     The  well  penetrates  the  granite  8  feet. 

The  250-foot  well  is  not  in  use  at  the  present  time.  The  348-foot 
well  is  operated  to  irrigate  the  vineyaixi  by  a  centrifugal  pump  placed 
in  a  shaft  sunk  to  near  water  level  and  operated  by  a  12-horsepower 
gasoline  engine.  The  water  is  pumped  into  a  small  cement  reservoir 
from  which  it  is  distributed  for  irrigation. 
iBR  136—05 ^3 
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U(»l)(»iitiKt  efforts  wore  made  to  secure  measurements  in  u  test  run  of 
this  plant  for  the  i)iiqH)se  of  computhig  the  eostof  water  thus  obtained. 
In  the  nieantinie  Pr<»f.  S.  M.  Woodward,  of  tlie  Arizona  Experiment 
Station,  workinjr  in(h»i)<»ndently  to  the  same  end,  obtained  measure- 
ments which  he  has  kindly  allowed  me  to  use.  The  test  run  consumed 
1.5  hours,  the  (juantity  of  water  pumped  during  that  time  l>eing  meas- 
ured in  the  eement  reservoir  and  the  rate  jier  second  computed.  The 
water  in  the  well  was  lowered  11.5  feet  when  the  pump  started  and 
remain(»d  constant  during  the  run.  The  water  was  lifted  5.5  feet 
alM)ve  the  level  of  the  ground,  making  a  total  lift  of  47  feet.  The 
plant  is  still  in  an  exix'rimental  stage  and  certain  casilj'  remedied 
faults  in  construction  will  reduce  the  cost  given  lielow.  Owing  alto 
to  these  imiHM-fections,  the  liability  to  error  in  measurements  is  need- 
lessly great.  Thosc^  taken  by  Professor  Woodwanl  are  probably  as 
accurate  as  can  be  obt^iined  at  the  present  time.  The  original  cost  of 
the  plant  could  not  )>e  obtained  and  attendance  is  not  included  in  the 
following  computations: 

Cttftt  nj  piimfnu'j  imtcr  ut  the  Valleij  Snllew  Oraj)e  (y>m}Kinif*$  rinetfard. 

liaUt  iti  ^\^i^'hnryi'  in  cubic  fcvt  j)er  wnnrndf* 1. 15 

Distillate  <-()iiHiiinctl  ]H»r  hour,  in  jrallons 1.6 

Tiujc  to  pump  1  ucrc-foot,  in  hourH 10.52 

Distillate  c«)nsunic(l  per  acre-foot  of  water  puni]HHl,  in  imllons 1«.  83 

n>.S,S  ;rall« ms  of  distillate,  at  22  cents '. $3.  70 

Oil  and  incidentaln $0. 05 

Total  cost  per  acre-f<M»t $3.  75 

Lift  in  fiH't 47 

A verajre  <*ost  {yor  f(H»t  in  raising:  an  acre-foot $0.  08 

Amili/itrs  nf  initt'rj'rfun  th'  Vtilhif  .Srf //«■*»  <irafH'  ('o/«;wiWj!/'»  irelU. 

;<l>i-fi>i>t  well.  2S0-fot)t  well. 


Quantitative  (parts  in  1(K),(KX)):  I 

Totil  solids  soluble  at  110°  C '  155.8  115.2 

( 'blorine  in  terms  of  XaC-l  (common  salt ) 1(K5. 4  78. 6 

llanlness  in  tennsof  C:i»S(),  (milphate  of  lime)...  21.8  11.4 

Alkalinity  in  terms  of  Na,( '( ),  ( lilack  alkali ) ,  .0  .0 

Qualitative: 

Sulphates '  Strong:.  Strong. 

Majrnwia Tronomn'iMl.        PronountiMl. 

Lime Stron^r.  8tronj;. 


TEMPE  WATERWORKS  WELLS. 


The  tA)\vn  of  TcmiH^  is  supplied  with  water  fi\>m  three  12-inch 
tl()ul)h»-steel-eas(»(l  wells.  15:^  feet,  147  feet,  and  145  feet  deep,  resi)ec- 
tively.     The  wattM -iMMirin^  snivels  were  <Miten»d  at  a  depth  of  12  feet 
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WATER-SUPPLY    PAPER    NO.    1S«      PL.  V 


A.     TEMPE   BUTTE.  SHOWING   RESERVOIR   NEAR  THE  TOP. 


Ji      COLLINS   WELL.    NEAK    PHOENIX. 
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and  the  surface  of  the  water  at  23  feet.  The  water  is  under  no  pres- 
sure and  is  not  capped  by  an  impervious  clay,  as  it  is  in  most  places 
throughout  the  valley. 

The  plant  is  a  well-equipped  one,  with  a  shaft  20  by  20  feet,  sunk 
15  feet,  and  containing  a  Goulds  triplex  single-acting  pump  and  30- 
horseix)wer  electric  motor.  The  three  wells  arc  connected  by  a  hori- 
zontal suction  pipe,  from  which  a  vertical  suction  pipe  extends  into 
each  well,  inside  the  casing.  The  water  is  forced  to  a  reservoir  near 
the  top  of  Tempe  Butte,  making  a  total  lift  of  249  feet.     (PI.  V,  .1.) 

It  is  especially  worthy  of  note  that  at  Tempe  the  water-bearing 
gravels  extend  practically  to  the  surface,  the  shallow  wells  reach- 
ing the  same  water  body  from  which  the  deep  wells  draw.  This  is 
not  the  case  1  mile  south  of  Tempe  at  H.  L.  Chandler's  well,  where 
the  surface  waters  are  separated  from  the  waters  of  the  great  bowlder 
bed  by  impervious  clay.  Analyses  of  water  from  the  deep  wells  and 
from  shallow  wells  near  by  indicate  the  same  kinds  of  salts  in  both  the 
shallow  and  deep  wejls,  but  show  varying  amounts.  The  following 
analyses  are  from  wells  only  a  few  blocks  apart.  The  town  well  is 
perforated  only  below  90  feet,  and  the  water  analyzed  from  this  well 
is  presumably  from  that  depth.  The  others  are  from  wells  about  30 
feet  deep. 

Log  of  Tempe  waterworks  well. 

Feet. 

Sarface  soil 4 

Clay  and  bowlders 6 

Clay,  sand,  and  bowlders,  cemented 2 

Loow*  Hand,  gravel,  and  bowlders,  water  Ixjaring  . .    117 

Igne<.>us  rock 23 

Analyses  of  ivaler  from  irelh  at  Tempe,  Ariz. 


City  waterworks: 
152  feet. 


Quantitative  (parts  in  100,000) : 

Total  solids  soluble  at  110°  C 

Chlorine  in  terms  of  NaCl  (com- 
mon salt) 

Hardness  in  terms  of  CaSOf  (sul- 
phate of  lime) 

Alkalinity  in   terms  of    Na,C03 
(black  alkali) 

Nitrogen  in  the  form  of  nitrates  . 

Nitrogen  in  the  form  of  nitrites. . 

Qualitative: 

Sulphates 

Magnesia 

Lime 


103.0 

58.8 

9.52 

.0 

.17 

.0 

Strong. 
Strong. 
Strong. 


CajMi  Loraa  Hotel. 

Normal  School; 
30  feet. 

1(59.8 

219.2 

105.  8 

133. « 

12.9 

15.  78 

.0 

.0 

.18 

.51 

.0027 

.0 

Very  strong. 

Very  strong. 

Pronountreil. 

Very  strong. 

Very  strong.  \     Very  strong. 
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At  the  request  of  the  writer,  Mr.  P.  E.  Fuller,  the  engineer  under 
whose  direction  the  pumping  plant  was  constructed,  made  a  careful 
test  of  the  quantity  of  water  pumped,  power  consumed,  etc.  Mr. 
Fuller  has  been  kind  enough  to  put  the  observations  in  the  tabular 
form  given  below: 

Test  of  pumping  plant  of  Tempe  city  waierworks,  August  2, 1903, 

READINGS. 


Time. 

Voltage 
between 
phases. 

Total 
amperes. 

Pressure 

Vacuum. 

Watt  meter, 
one  phase. 

Revolutions 
of  pump;  64 
gallons  per 
reyolution. 

Velocity     Differ- 

watt          enee 

meters  per  between 

minute,     gages. 

4.20«  .. 
4.40.... 
4.50.... 

5 

5.10.... 
5.20ft  .. 

175.0 
177.5 
182.5 
172.5 
165.0 
152.5 

170.83 

170 
170 
170 
170 
170 
172 

Pounds. 
99. 
99 
99 
99 
99 
99 

Inches. 
15.25 
15.25 
15.25 
14.75 
14.75 
14.50 

1,747,200 
1,747,700 
1,748,050 
1,748,320 
1,748,580 
1,748,830 

810.310 
811. 221 
811. 623 
812.056 
812.487 
812. 848 

37.00 

34.50 
34.50 
35.50 
33.50 

3.33 
3.33 
3.33 
3.33 
3.33 
3.33 

Total. 

170. 33 

99 

14.96 

l,630kw. 

2, 538  rev. 

35.00 

3.33 

a  Running  start  was  made;  watt  meter  was  87.8  per  cent  fast,  volt  meter  was  1  per  cent  low— for 
all  readings  of  watts  and  voltage. 
b  Low  ridings  due  to  low  voltage  at  power  house. 

DEDUCTIONS. 

Average  voltage  corrected  for  error 172.55 

Average  amperes  in  both  phases 170. 33 

Apparent  energy  consumed  by  motor kilowatts. .     29. 39 

Actual  energy  consumed - do. . .     23. 51 

Power  factor per  cent. .    80. 00 

Horsepower  actually  consumed  by  motor 31. 51 

Average  gallons  of  water  pumped  per  minute 274. 95 

Total  head,  in  feet,  pumped  against 248. 87 

Net  water  horsepower 18. 49 

Combined   efficiency  of   motor,  pump,  suction  piping,  and  }-mile  8-inch 

main per  cent. .    58. 68 

Power  rate  paid  per  thousand  gallons  pumped cents. .  4 

{2  IS 
2  85 

Reducing  the  figures  to  the  basis  of  cost  per  acre-foot  of  water  lifted, 
we  have  the  following: 

Cost  of  pumping  water  at  the  TempCy  Ariz.j  waterworks. 

Cost  of  plant  (not  including  the  reservoir  and  distributing  system ) $3, 700. 00 

Interest  on  investment  at  7  per  cent  per  annum  for  19.8  hours |0. 59 

Depreciation  at  10  per  cent  per  annum  for  19.8  hours |0. 84 

Hours  to  pump  1  acre-foot 19. 8 

Cost  of  power  to  raise  1  acre-foot  (power  furnished  at  4  crents  per  1,000 

gallons  of  water  pumped) $13. 07 

Oil  and  incidentals  (estimated) $0. 05 
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Tote]  cost  per  acre-foot $14.56 

Totilliftin  feet 249 

A?eii^  coet  per  foot  in  lifting  1  acre-foot  of  water |0. 058 

CHANDLER  WELL  (SEC.  2X,  T.  i  N.,  R.  4  E.). 

ilr.  H.  L.  Chandler  proposes  to  establish  a  pumping  plant  for  irri- 
gation about  1  mile  south  of  Tempe.  Two  12-inch  double-steel-cased 
wells  were  started,  but  accidents  have  caused  a  discontinuance  of  the 
work.  One  well,  however,  reached  a  depth  of  186  feet,  and  the 
record,  furnished  by  the  driller,  is  given  herewith.  The  well  is  in 
water-bearing  gravels  and  bowlders  throughout  nearly  the  entire 
depth.  There  seem,  however,  to  be  two  distinct  bodies  of  bowlders 
separated  by  8  feet  of  clay.  The  upper  or  surface  water  is  alkaline, 
from  which  the  lower  water  is  probably  free,  as  is  the  case  in  other 
wells  of  the  region.  The  lower  water  was  struck  at  a  depth  of  41  feet 
below  the  surface.  An  unusually  large  number  of  heavy  bowlders 
were  encountered  in  these  wells,  making  the  drilling  a  matter  of  some 
difficulty,  but  at  the  same  time  indicating  a  comparatively  free  passage 
for  the  underflow.  It  is  in  the  beds  of  coarse  gnivels  and  ]x)wlders 
that  the  greatest  available  quantity  of  water  is  to  be  expected. 

Log  of  H.  L.  ChaiuUer'B  well. 

Feet. 

Soil  and  cement 11 

Gravel  and  bowlders,  water  bearing 22 

Clay S 

Gravel  an<l  bowlders,  water  bearing 145 

A  sample  of  the  water  was  taken  for  analysis  from  near  the  bottom  of 
the  well,  the  water  being  obtained  from  the  sand  pump  as  the  ])ucket 
was  hoisted.  The  sample  is  not  therefore  representative  of  the  water 
at  this  locality.  The  alkali  is  probably  from  water  of  the  upper 
stratum.  Samples  of  water  taken  in  this  way  from  other  wells  which 
were  afterwards  cleared  by  pumping  show  a  greater  proportion  of 
salts  than  samples  taken  after  pumping.  The  analysis,  however,  is 
here  given  for  the  sake  of  completeness  and  for  the  purpose  of  indi- 
cating something  of  the  quantity  of  salts  contained  in  the  waters  of 
this  locality. 

Analysis  of  imter  from  If.  L.  Chandler's  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 224.00 

Chlorine  in  terms  of  NaCl  ((common  siilt) 146. 00 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 00 

Alkalinity  in  terms  of  NajCOs  (bla<!k  alkali) 2.12 

Qualitative: 

Snlphates V^ery  strong. 

Magneeia Very  strong. 

Lime Strong. 
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This  well  was  utilized  to  some  extent  during  the  summer  of  1904. 
A  solar  motor,  established  temporarily,  for  the  past  four  months 
has  pumped  350  to  380  gallons  of  water  per  minute  during  the  hours 
of  sunshine. 

FLUMMERFELT  WELL  (SEC.  ii.  T.  i  S..  R.  4  E.) 

Mr.  Bristol  Flummerfelt  has  a  6-inch  drilled  well  61  feet  deep.  The 
surface  water  at  his  place  pi-oved  unsatisfactory  both  in  quantity  and 
quality,  and  his  object  in  drilling  was  to  obtain  a  supply  for  domestic 
use.  A  solid  casing  was  used  to  shut  off  the  surface  water  and  the 
well  was  put  down  only  6  feet  into  the  gravels,  since  all  the  water 
needed  was  obtained  at  that  depth.  The  quantity  and  quality  of  the 
water  from  the  5r)-foot  level  indicate  that  it  comes  from  the  body 
encountei*ed  as  the  second  horizon  in  the  deeper  wells  of  the  same 
region. 

^^9  fif  lirigtol  Fhimmerfelf  s  well. 

Soil 10 

Cement,  with  sand  and  gravel 30 

Clay 15 

Gravel  and  bowlders,  water  l)earing 6-f 

Analysis  of  water  from  Bristoi  FlummerfelV»  wtll. 

Quantitative  ([»art8  in  100,000): 

Total  Holids  soluble  at  110*»C 186.00 

( •hlorine  in  terms  of  NaCl  (common  salt) 122. 00 

Hardness  in  ti'nns  of  TaSC^  (sulphate  of  lime) 13. 60 

Alkalinity  in  terms  of  Na,(X),  (black  alkali) 0.00 

Qualitative: 

Sulphates Strong. 

Magnesia Strong. 

Lime Very  strong. 

BicarlH)nat(>s Very  strong. 

BARTLETT-HEARD  LAND  AND  CATTLE  COMPANY'S  WELLS. 

D.  B.  Heard  has  sunk  two  wells  south  of  Tempe.  The  first  is  1,000 
feet  west  of  the  railroad  and  the  second  about  :i,i>00  feet  east  of  the 
miliiwd.  Both  are  15-inch  double-steel -ceased  wells,  the  first  259  feet 
dei^pandthe  second  217  feet.  Water  was  not  obtained  in  satisfactory 
(quantities  in  either  well;  the  first  yioldinjj  pi-actii'ally  none  and  the 
second  too  little  to  warrant  the  establishment  of  an  extensive  pumping 
plant  such  as  was  planneil.  Thi^st^  wells  wen*  therefore  practu*ally 
aliandoned,  and  the  plant  is  to  Ik*  establisluxl  farther  to  the  west  as 
descriln^d  elsewhere. 

In  well  No.  U  sunk  l,iXX>  ftnn  west  of  the  i^iln^ad  ^siv.  4,  T.  IS., 
R.  4  E,),  jjravels  ami  Ix^wlders  woiv  omxniutertHi  sinular  to  those  in 
other  wells  of  the  vicinity^  except  that  they  woiv  wmontiHi  together 
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with  caliche  allowing  little  water  to  pass  among  them.  The  well  is 
1,<.M»  feet  west  of  one  of  the  wells  at  the  Valley  Seedless  Grape  Com- 
pany's vineyard  which  yields  a  good  supply  of  water.  At  this  point 
therefore  the  line  marking  the  zone  of  abundant  underground  water 
is  to  be  drawn  between  these  wells. 

Log  of  BarOeti-Heard  well  No.  1. 

Feet. 

Soil  and  ceraent 34 

Gravel 6 

Cemented  wash 83 

Cemented  bowlders 136 

Well  No.  2,  sunk  2,000  feet  etist  of  the  railroad  (sec.  3,  T.  IS.,  R. 
4  E.),  was  found  somewhat  more  promising  than  the  first  but  the 
available  quantity  of  water  was  limited.  The  material  passed  through 
was  almost  entirely  fine  wash  cemented  by  caliche;  bed  rock  was 
struck  at  a  depth  of  217  feet.  Well  No.  2  is  farther  from  the  Salt 
River  Mountains  by  8,000  feet  than  well  No.  1.  It  is  furthermore  in 
the  direction  in  which,  judging  from  records  of  other  wells,  favorable 
conditions  for  a  satisfactory  water  supply  are  naturally  expected;  yet 
the  well  penetrates  very  little  water-bearing  material  and  reaches 
granite  at  the  bottom. 

Utg  of  BarUeti'Heard  well  No.  2. 

^  ^  Feet. 

S>il  and  ceraent 22 

Cement,  water  in  pores 14 

Cement 30 

Bowlders  and  day ^ 6 

Clay  and  cement 38 

Gravel,  water  bearing 6 

Clay  and  cement -^6 

Cement 4 

Clay 8 

Cement 6 

Clay H5 

Cement 4 

Clay 10 

Granitic  wash 17 

Be<i  rock ? 

JOHNSON  WELL  (SEC.  30.  T.  i  N.,  R.  5  E.). 

Mr.  B.  F.  Johnson  has  a  shallow  well  10  by  6  feet  and  33  feet  deep 
with  10  feet  of  water,  from  which  he  is  pumping  about  150  inches  of 
water,  using  an  8-inch  centrifugal  pump  and  a  30-horsepower  gasoline 
engine.  The  well  yields  this  amount  of  water  readily,  the  water 
lieing  lowered  by  the  pump  only  3.5  feet. 

The  available  quantity  of  water  seems  to  warrant  more  extensive 
development.  Two  12-inch  double-steel-cased  wells  have  been  drilled 
and  the  installation  of  the  pumping  plant  is  in  progress.     The  wells 
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are  180  feet  deep,  and  penetrate  the  gravel  and  bowlders  common  in 
that  region.  It  is  worthy  of  note  that  clay  and  granitic  wash  were 
found  beneath  the  bowlders. 

Log  of  well  of  B.  F.  Johnson ^  near  Mem^  Ariz. 

Feet. 

Soil 10 

Sand,  jrravel,  and  bowlders 125 

Clay 37 

Granitic  wash 8 

TEMPE-MESA  PRODUCE  COMPANY'S  WELL  (SEC.  23.  T.  i   N.,  R.  4  E.). 

The    compan}^  has   recently   established   a  pumping   plant  at  its 

creamery  near  Tempe.     There  is  one  12-inch  double-steel-cased  well 

100  feet  deep.  As  indicated  in  the  log  it  is  in  loose  gravel  and 
bowlders  through  practically  the  whole  depth. 

/yogr  of  Tempe- Mesa  l^oduce  Company*!*  ivell. 

Feet. 

Soil 10 

Gravel  and  bowhlers 90 

DESERT  WELL  (SEC.  11.  T.   i   S.,  R.  7  E.). 

This  well  is  located  about  15  miles  southeast  of  Mesa,  on  the  road 
leading  from  Mesa  to  Florence,  and  is  owned  at  the  present  time  by 
Thomas  Buchanan.  The  well,  which  was  dug  in  1885,  is  212  feet 
deep  and  contains  24  feet  of  water.  On  a  platform  near  the  surface 
of  the  water  is  a  pump  and  small  steam  engine,  supplied  by  steam 
generated  above  ground,  which  lifts  water  at  the  rate  of  25  gallons 
per  minute.  The  surface  of  the  water  is  lowered  10  feet  by  the  pump, 
at  which  stage  the  inflow  equals  the  demand  of  the  pump. 

Log  of  Desert  well. 

Feet. 

**  Wash "  (sand,  pebbles,  clay,  and  cement) 150 

Sand 2 

Cement 20 

Sand  and  gravel 5 

Cement ? 

Water-l)earing  gravel : ? 

The  material  penetrated  in  digging  the  well  varies  little  in  the  188 
feet  exposed  above  the  water.  The  sides  are  not  cased,  except  in  three 
places  where  loose  sand  was  encountered.  The  material  is  ''wash" 
from  the  hills.  It  is  an  intimate  admixture  of  clay,  sjind,  and  pebbles 
more  or  less  cemented  in  places  by  caliche.  The  pebbles  are  angular 
and  give  slight  indication  of  the  action  of  water.  Although  the  sides 
of  the  well  are  not  protected  in  any  way,  they  have  stood  for  eighteen 
years  without  material  change.  Little  moisture  reaches  them  from  the 
surface,  and  no  water-bearing  seams  were  encountered  until  near  the 
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bottom.  At  a  depth  of  212  feet  a  cement  layer  was  penetrated  and 
water  encountered  under  sufficient  pressure  to  raise  it  24  feet. 

Mr.  Buchanan  reports  that  the  water  has  been  steadily  rising  in  the 
well  for  eight  ^^ears — ever  since  he  has  owned  the  well.  Even  during 
the  exceptionally  dry  years  of  1901  and  1902,  when  many  of  the  shal- 
lower wells  of  the  valley  entirely  failed,  the  water  in  Desert  well 
>teadily  increased  in  volume.  This  increase  is  somewhat  vividly  indi- 
cated by  the  present  position  of  the  engine  and  pump  in  the  well. 
When  placed  there  the  platform  upon  which  they  rest  was  built  at  a 
i-onvenient  distance  above  the  surface  of  the  water.  At  the  time  of 
my  visit  the  water  was  3  feet  deep  over  the  platform  and  the  engine 
and  pump  were  submerged. 

The  quantity  of  water  does  not  appear  to  be  such  as  to  warrant  the 
supposition  that  this  well  draws  from  the  great  gravel  beds  furnishing 
the  principal  flow  in  the  wells  farther  west.  Twenty-five  gallons  per 
minute  is  a  small  volume  compared  with  that  yielded  by  some  of  the 
wells,  and  yet  this  yield  lowers  the  water  in  Desert  well  about  10  feet. 
The  quality  of  the  water  as  shown  by  the  following  analysis  and  the 
elevation  of  the  water  1,260  feet  as  against  1,134  in  the  Murphy- 
McQueen  well  renders  it  probable  that  the  stratum  from  which  the 
desert  well  draws  its  supply  is  connected  with  what  is  known  as  the 
surface  flow^  of  the  valley  rather  than  with  the  deeper  and  larger  flow. 
In  order  to  strike  the  level  of  the  water-bearing  gravels  which  supply 
the  water  for  the  large  pumping  plants  of  the  valley  Desert  well 
would  have  to  be  lowered  about  100  feet. 

Analysis  of  vxUer  from  Desert  well. 

Quantitative  (parta  in  100,000): 

Total  Polidsfioluble  at  110°  C 32.00 

Chlorine  in  terms  of  NaCl  ( common  salt) 5.  20 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 00 

Alkalinity  in  terms  of  NajCOs  (black  alkali) 4. 66 

Nitrogen  in  terms  of  nitrates 494 

Nitrogen  in  terms  of  nitrites Very  faint. 

Qualitative: 

Sulphates Faint. 

Magnesia Very  faint. 

Lime Faint. 

Bicarbonates None. 

,  KLEINMAN  WELL  (T.  2  S.,  R.  g  E.). 

Mr.  Daniel  Kleinraan's  well  is  about  10  miles  southeast  of  Desert 
well  and  25  miles  southeast  of  Mesa,  on  the  Mesa-Florence  road.  It 
was  dug  to  a  depth  of  272  feet,  and  from  the  bottom  a  14-inch  pipe 
was  driven  12  feet,  making  the  totjil  depth  284  feet.  The  log  of  the 
well  could  not  be  obtained.  The  quantity  of  bowlders  taken  from  the 
weU,  however,  indicates  that  bowlder  and  gravel  beds  make  up  a  large 
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part  of  the  material  passed  through.  The^e  bowlders  have  a  maximum 
diameter  of  something  over  1  foot  and  are  thoroughly  water  worn. 
They  are  composed  of  quartzite  and  sevenil  varieties  of  granitic  roi*k, 
together  with  gneisses  and  schists,  in  about  the  same  proportion  as 
they  are  found  in  the  river  bed  at  the  present  time. 

The  water  flows  from  the  top  of  the  pipe  into  the  open  well,  where  it 
stands  2.5  feet  deep.  It  is  pumped  by  horsepower.  A  team  of  horstvs 
working  continuously  raises  on  an  average  12.5  gallons  per  minute. 

BOWEN  WELL  (T.  2  S.,  R.  9  E.). 

Mr.  Robert  Bowen's  well  is  situated  near  the  south  bank  of  Queen 
Creek,  about  1  mile  west  of  the  point  where  the  Florence- Mesa  road 
crosses  Queen  Creek.  The  well  is  dug  212  feet  deep  and  contains  2.5 
feet  of  water.  Although  the  water  is  so  shallow  there  seems  to  be  no 
possibility  of  exhausting  it  by  the  means  at  hand.  The  well  is  supplied 
with  both  windmill  and  borsepower  for  pumping  and  about  9  gallons 
per  minute  may  be  raised,  a  yield  which  does  not  lower  the  water  level 
in  the  well  to  any  appreciable  extent.  The  water  is  said  to  show  a 
distinct  current  flowing  toward  the  west.  Floating  material  gathers  at 
the  west  side  of  the  well.  A  float  placed  at  the  east  side  is  said  to 
traverse  the  diameter  of  the  well  4  feet  in  about  three  minutes. 

The  material  passed  through  is  nearly  all  loose  gravel  and  l)owlder:5. 
The  water  is  not  confined  by  a  clay  or  cement  layer,  but  seems  to  mark 
the  free  surface  of  the  underflow  of  Queen  Creek. 

Log  of  Robert  Botven*8  well. 

Feet. 

Soil 8 

Sand,  gravel,  and  Iwwlders 25 

Soft  clay 6 

Sand,  gravel,  and  bowlders 50 

Soft  (rlay 2 

Sand,  gravel,  and  Iwwlders 24 

Soft  clay 26 

Sand,  gravel,  and  bowlders  with  streaks  and  bands  of  clay  from  a  few  inche^  to 

2  feet  thick 70 

Analysis  of  water  from  Robert  Bowen^s  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C. 54.00 

Chlorine  in  terms  of  NaCl  (common  salt) 24. 00 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 16. 30 

Alkalinity  in  tt^rms  of  NajCOj  (black  alkali) 00 

Qualitative: 

Sulphates Distinct. 

Magnesia Distinct. 

Lime Strong. 

Bicarbonates Strong. 
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HARRINGTON  WELL  (SEC.  2,  T.  2  S.,  R.  8  E.). 

ThL*  well,  which  is  owned  at  the  present  time  by  Jos6  Granillo,  is 
dug  135  feet  deep,  and  contains  about  4  feet  of  water.  No  log  could 
be  obtained.  The  well  was  dug  in  1892.  The  water  is  raised  by  horse- 
power with  barrel  and  rope,  and  is  used  for  stock  and  for  the  traveling 
public. 

ANDRADA  WELL  (T.  2  S.,  R.  7  E.). 

Sylvester  Andrada's  well  is  dug  114  feet  deep,  and  had  14  feet  of 
water  when  measured.  The  well,  which  is  used  somewhat  extensively 
for  watering  stock,  is  provided  with  a  small  ti*action  engine  and  pump. 
A  large  cement  and  cobblestone  tank,  about  20  feet  square  and  6  feet 
deep,  sei-ves  as  a  reservoir.  The  capacity  of  the  pump  could  not  be 
ascertained,  but  is  not  great.  When  the  pump  is  in  operation  the 
water  is  said  to  lower  about  7  feet,  and  remains  at  that  level  until  the 
pomp  stops,  when  the  water  soon  regains  its  former  level.  The  water 
is  soft,  and,  judging  from  taste,  contains  little  salt  of  any  kind. 

PRICE  WELL  (SEC.  ix.  T.  i  N.,  R.  4  E). 

Col.  J.  A.  Price  has  a  well  15  feet  deep,  in  which  the  water  was 
found  in  the  loose  gravel  and  bowlders  of  the  recent  river  accunmla- 
tions.  Until  the  plant  was  burned  a  few  years  ago,  he  pumped  it  for 
irrigation  continuously  at  the  rate  of  about  600  gallons  per  minute, 
obtaining  water  at  this  rate  during  the  dry  est  times;  ordinarily  it 
might  have  yielded  a  greater  amount. 

PARRY  WELL  (SEC.  14,  T.  i  N..  R.  4  E.). 

Mr.  T.  J.  Parry's  well  is  dug  about  one-fourth  mile  south  of  the  river 
and  1  mile  east  of  Tempe.  It  is  about  40  by  60  feet  and  21  feet  deep,  the 
water  standing  17  feet  below  the  surface  of  the  ground.  The  level, 
however,  varies  with  the  water  in  the  river;  when  there  are  floods  in 
the  river  the  water  in  the  well  rises,  water  marks  on  the  sides  of  the 
well  indicating  that  variations  of  at  least  4  feet  occur.  It  is  said  that 
the  water  in  the  well  begins  to  rise  about  two  days  after  the  crest  of 
the  flood  has  passed. 

Water  is  lifted  by  means  of  a  6-horsepower  gasoline  engine  and 
bucket  pump.  When  run  at  ordinary  speed,  the  pump  discharges  678 
^Ilons  per  minute.  It  is  operated  about  six  hours  a  day;  a  run  of 
four  hours  in  the  morning  drains  the  well,  but  toward  evening  enough 
water  has  accumulated  for  a  two-hour  run.  The  well  penetrates  only 
a  few  feet  beneath  the  water-bearing  sands  and  gravels  and  is  not 
cribbed  or  otherwise  protected.  If  sunk  a  few  feet  deeper  it  would 
undoubtedly  yield  a  much  larger  and  more  constant  supply. 


44  UKDERGRO0ND   WATERS   OF  SALT  RIVER   VALLEY.       Ino.  13«. 

This  plant  offered  a  good  opportunity  of  testing  the  cost  of  raising 
water  by  means  of  a  bucket  pump  and  gasoline  engine.  The  amount 
of  gasoline  was  accurately  measured  and  the  quantity  of  water  com- 
puted from  the  average  number  of  buckets  lifted.  (It  was  found  later 
that  owing  to  a  defective  valve  more  gasoline  may  have  been  used 
than  was  necessary.) 

Cost  of  pumping  water  at  T.  J.  Parry's  pumping  plant. 

Cost  of  well  (estimated) ....-i.  $400.00 

Cost  of  engine  and  pump $500. 00 

Interest  on  investment,  at  7  per  cent  per  annum  for  8.1  hours $0. 06 

Depreciation,  at  10  per  cent  per  annum  for  8.1  hours $0. 08 

Amount  of  water  lifted  in  1  hour,  in  gallons 40, 320 

Hours  required  to  lift  1  acre-foot 8. 1 

Gallons  of  gasoline  used  in  1  hour 1.2 

Gallons  of  gasoline  used  in  8.1  hours 9.  72 

9. 72  gallons,  at  28  cents $2.  72 

Oil,  etc.  (estimated) $0.05 

Total  cost  i^er  acre-foot $2. 91 

Total  lilt,  in  feet 18 

Average  (H>8t  per  foot  in  lifting  1  acre-foot  of  water $0. 161 

JENKINS  SEEPAGE  DITCH  (SEC.  ao,  T.  x  N.,  R.  4  E.). 

Mr.  A.  K.  Jenkins  has  a  seepage  ditch  southwest  of  Tempe.  The 
ditch  heads  into  the  area  east  of  Bell  Butte,  where  the  underground 
water  surface  is  at  a  depth  of  about  8  feet.  It  has  a  maximum 
depth  of  10  feet,  thus  penetrating  the  water-charged  gravels  about 
2  feet  at  the  deepest  point.  Water  seeps  into  the  ditch  for  about 
one-fourth  of  a  mile,  and  yields  at  present  about  30  inches.  When 
the  ditch  wius  fii'st  constructed  the  underground  water  stood  within  2 
feet  of  the  surface,  but  during  the  last  few  years  the  surface  of  the 
underground  water  throughout  this  ivgion  has  been  lowering. 

The  ditch  was  eonstruct^nl  in  1895  and  the  land  irrigated  from  it 
has  had  little  other  water  since  that  time.  The  water  is  derived  from 
the  surface  flow  south  of  Temix*  and  contains  the  black  alkali  which 
is  so  much  feared  bv  the  farmers  of  that  ivgion.  Mr.  Jenkins  reports 
no  ill  effects  to  the  land  from  the  use  of  this  water,  although  it  has 
Ihhmi  used  almost  exclusively  for  eight  years. 

T>vo  analyses  of  water  ivom  this  ditch  show  salt^  as  follows: 
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Quantitative  (parte  in  100,000) : 

Total  aolids  soluble  at  1 10**  C 

Chlorine  in  terms  of  NaCl  (common  salt) 

Hardness  in  terms  of  C;JaS04  (sulphate  of  lime). 

Alkalinity  in  terms  of  Na,COs  (black  alkali) . . . 
Qualitative: 

Sulphate 

Magnesia 

Lime 


No.  1. 

No 

.2. 

189.4 

216.4 

136.0 

142.9 

.0 

.0 

8.4 

7.7 

Very  strong. 
Strong. 
Strong. 


Strong. 

Faint. 

Strong. 


SHALLOW  WELLS. 
PHU.   METS  AND  ALHAMBRA   HOTEL   WELLS. 

The  well  at  Mets's  livery  stable  may  be  taken  as  a  fair  representa- 
tive of  the  shallow  wells  at  Mesa.  A  careful  record  of  material  passed 
through  is  given  below.  It  consists  of  river  drift,  composed  of  sand, 
pebbles,  and  bowlders,  with  a  subordinate  amount  of  clay  and  cement. 
The  bowlders  are  principally  composed  of  quartz,  quartzite,  and  some 
of  the  more  resistant  granitic  rocks  and  have  a  maximum  diameter  of 
1  foot  or  more.  They  are  thoroughly  waterworn  and  differ  in  no 
essential  respect  from  the  materials  found  at  the  present  time  in  the 
bed  of  the  river.  The  hands  of  clay  and  cement  contain  sand  and 
pebbles  in  varying  proportions. 

Log  of  P.  Mets^s  welly  Mesa. 

Feet. 

Sftndy  soil 13 

Gravel  and  bowlders 7 

Cement 1 

Coarse  sand 9 

Hard,  sandy  cement 3 

Sand  and  gravel 19 

Hard  cement  containing  sand  and  small  pebbles 4 

Gravel,  water  bearing 2 

Water  was  first  struck  in  the  gravels  at  a  depth  of  39  feet.  This 
tailed  in  dry  times  and  the  well  was  lowered,  obtaining  a  better  supply 
^  Vittle  deeper.  This  supply  diminished  in  time  and  the  well  was  again 
Wered.  The  process  of  lowering  the  well  continued  until  at  a  depth 
ot  52  feet  a  hard,  impervious  cement  layer  4  feet  thick  was  encountered. 
"^^  bar  with  which  this  was  being  dug  struck  through  into  a  bed  of 
loose  gravel  containing  water  under  slight  pressure.  The  water 
quickly  rose  6  feet.     Since  that  time  there  has  been  no  shortage,  the 
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water  standing  steadily  6  feet  deep.  A  yield  of  700  gallons  per  hour, 
even  in  the  driest  times,  has  little  effect  on  the  amount  of  water  in 
the  well. 

The  water  from  the  56-foot  level  is  of  somewhat  different  quality 
from  that  of  higher  levels.  The  water  from  the  Mets  well  tastes  salty, 
but  is  otherwise  a  more  palatable  drinking  water  than  that  of  many  of 
the  shallower  wells  of  the  vicinity. 

An  analysis  of  this  water  is  given  below,  and  also  one  of  water 
from  the  well  at  the  Alhambra  Hotel,  in  the  adjoining  block.  The 
Alhambra  supply  comes  from  a  horizon  a  few  feet  above  that  of  the 
Mets  well,  probably  above  the  cement  stratum  at  the  bottom  of  the 
Mets  well.  Judged  by  the  taste  alone  the  two  waters  are  very  differ- 
ent, but  the  analyses  show  them  very  much  alike. 

Analysis  oftraierfrom  P.  Mets^s  well  and  the  Alhambra  Hotel  well,  at  Mesa, 


Quantitative  (imrts  in  100,000): 

Total  solids  soluble  at  110°  C 

Chlorine  in  terms  of  NaCl  (common  salt) 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 
Alkalinity  in  terms  of  Na,C()s  (black  alkali)... 
Nitrogen  in  the  form  of  nitrates 


Mets. 


167.80 

108.00 

.00 

9.33 

.385 

Nitrogim  in  the  form  of  nitrites. j     Ver\-  faint 

Qualitative:  | 

Sulphate '  Strong. 

Magnesia Faint. 

l.imo Strong. 

HiinirUinates Very  stnmg. 


Alhambra. 


152.00 

89.60 

.00 

5.51 

.33 

Very  faint. 

Strong. 

Faint, 

Strong. 

Very  strong. 


VAKIATION    IN    grAl.lTV*. 

Tho  water  of  the  various  shallow  wolls  in  and  al)out  Mesa  varies  in 
<|ualit y  to  a  marked  extent.  They  an*  all  stix>njrly  eharjjed  with  various 
soluble  salts.  A  study  of  tho  aiuUysos  shows  that  ix>mmon  salt^  the 
oarlHMiates^  and  tho  sulphates  aiv  tho  nitv^t  oonunon  and  are  present  in 
huye  amount  in  nearly  all  tho  watoi>i,  hut  the  variation  in  the  propor- 
tions of  thoso  salts  oHUsos  tho  many  varioiios  of  water  which  arouse 
so  muoh  wonder  and  sinvulation  in  tho  minds  of  tho  owners  of  the 
wolls.  In  nuvst  of  tho  well  wator>  oommon  sdt  p^nlomi nates.  Nearly 
all  tho  well  water  is  said  to  U>  lmt\U  and  ho  is  \orv  j^Miorallv  used  to 
*Mnvak"  it;  onlv  a  fow  wolls  contain  water  whioh  is  sjiid  to  be  soft, 
thoujih  tho  anal\sos  juM  ^ixon  show  an  aksonw  of  any  {H^mmnent 
lm^^lnosv  It  is  |Mv>siMo  \\\\\{  tho  nlMnuljuuv  of  other  salts  in  the  water 
tvndors  \litlioult  tho  \lotooti\»n  \^i  hin>lnosv  (y\  tho  t^^sto. 


IXB.1  WELL   RECORDS THE   MESA    REGION.  47 

Many  of  the  wells  are  so  strong  in  alkali  and  the  bitter  salts  that 
they  have  been  abandoned.  In  other  cases  the  owners  have  accustomed 
themselves  to  the  use  of  water  which  a  stranger  could  not  safely  use. 
In  still  other  cases  the  water  seems  to  have  gradually  improved  as  the 
well  was  used.  The  published  analyses  do  not  indicate  the  range  of 
variation  in  chemical  character,  for  the  reason  that  only  wells  yielding 
waters  sufficiently  good  to  be  used  are  preserved.  Many  wells  have 
been  destroyed  which  yielded  water  too  alkaline  or  too  bitter  for  use. 
In  other  cases  wells  yielding  bitter  or  intensely  alkaline  waters  are 
said  to  have  been  greatly  improved  by  pumping.  In  some  cases  this 
reported  improvement  is  no  doubt  due  to  the  education  of  the  taste 
rather  than  to  the  change  in  character  of  the  water,  but  in  other  cases 
there  seem  to  be  good  reasons  for  believing  that  wells  have  entered 
small  pockets  containing  saline  solutions  and  more  or  less  separated 
from  the  main  body  of  underground  waters.  An  exhaustion  of  the 
limited  supply  of  such  saline  solutions  would  allow  the  entrance  of 
water  from  the  main  water  body  and  would  effect  a  corresponding 
change  in  character. 

TABULATION   OF  WELLS. 

It  seemed  advisable  in  the  study  of  the  underground  waters  of  the 
valle3^  to  tesl  the  existence  of  a  definite  regular  water  table  and  to 
determine  the  relations  of  such  water  table  to  the  land  surface  and  to 
the  river,  the  principal  source  of  the  underground  supply.  Mesa 
Township  (see  PI.  XVIII)  w^is  selected  for  this  test  on  account  of  favor- 
able location  and  the  existence  there  of  a  large  number  of  wells.  In 
the  townships  boi"dering  Mesa  the  wells  are  fewer  in  number,  but  with 
the  definite  information  obtainable  from  the  great  number  of  wells  in 
Mesa  Township  the  water  table  of  the  Mesa  district  is  satisfactorily 
determined  and  is  described  in  Chapter  III. 
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64  UNDERGROUND    WATERS   OF   SALT   RIVER   VALLEY.       [no.  136. 

Throughout  the  Mesa  region,  wherever  special  inquiry  was  made, 
it  was  found  that  the  surface  of  the  underground  water  has  been  con- 
tinually lowering  for  years.  Wells  which  were  formerly  productive 
throughout  the  year  are  now  dry  for  a  part  or  all  of  the  year.  With ' 
few  exceptions  the  wells  have  been  lowered  in  order  to  obtain  suffi- 
cient water.  This  lowering  of  the  water  has  been  progressive  and 
wells  have  been  deepened  repeatedly.  In  the  vicinity  of  Tempe  the 
water  has  lowered  about  7  feet.  Near  Mesa  it  has  lowered  much 
more.  According  to  Code's**  measurement  in  1901,  the  normal  water 
level  at  the  Murphy-McQueen  pumping  plant  was  22.6  feet  below  the 
land  surface  (see  fig.  2,  p.  14).  On  January  19,  1904,  this  level  was 
found  at  the  same  place  to  be  34  feet  below  the  land  surface.  At 
certain  places  the  lowering  is  reported  as  20  feet  or  even  more. 

While  the  underground  water  supply  of  the  valley  has  been  decreas- 
ing for  a  number  of  years,  there  are  yearly  variations  depending  more 
or  less  directly  upon  the  abundance  of  surface  waters.  Certain  wells 
are  dry  during  the  dry  seasons  and  contain  water  during  the  seasons 
of  more  abundant  supply.  The  term  '*  rainy  season"  is  purposely 
avoided,  the  seasons  of  more  abundant  surface  waters  being  those  in 
which  an  increased  supply  enters  the  valley  in  streams.  The  rains  in 
the  valley  itself  are  so  slight  that  they  have  no  effect  that  can  be 
detected  in  the  wells. 

THE  PHOENIX  REGION. 

PHOENIX   WATER   COMPANY'S   WELLS. 

Previous  to  1902  the  city  of  Phoenix  was  supplied  with  water  from 
two  dug  wells,  42  feet  deep,  which  had,  when  measured,  10  feet  of 
water.  During  the  exceptionally  dry  season  of  1902  the  water  in  these 
wells  failed  and  three  12-inch  double-steel-cased  wells  were  drilled  to 
a  depth  of  208  feet.  An  abundant  water  supply  was  found  at  a  depth 
of  55  feet,  and  thence  downward  to  208  feet  were  continuous  water- 
bearing gravels  and  bowlders.  The  water  from  the  open  wells  comes 
from  the  upper  gravels  indicated  in  the  log,  and  that  from  the  drilled 
wells  comes  from  the  lower  gravels.  At  the  time  of  my  visit  to  the 
plant  water  from  one  open  well  and  one  drilled  well  was  supplying  the 
city  at  the  rate  of  about  1,750  gallons  per  minute.  It  is  said  that  one 
of  the  drilled  wells  alone  has  yielded  water  at  this  rate. 

Log  of  well  of  Phoeni.v  Water  Company j  near  Phoenix. 

Feet. 

Soil 13 

Gravel  and  bowldern,  water  l)eariiig 36 

Clay  and  cement 7 

Gravel  and  bowlders,  water  bearing 153 

oCode,  W.  H.,  Report  of  irrigation  investigations  for  1901,  No.  1:  U.  S.  Dept.  Agric,  Bull.  U9, 1902, 
p.  67 
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Unfortunately  there  was  no  opportunity  of  obtaining  satisfactory 
pumping*  tests  at  this  plant.  The  amount  named,  1,750  gallons  per 
miDUte,  is  estimated  from  the  time  it  takes  to  fill  the  standpipe. 

As  in  the  case  of  the  well  at  the  asylum  and  other  wells  to  be  do^Kirilwd 
bter  there  is  no  marked  difference  between  the  upper  and  lower 
water  bodies,  although  the  two  are  separated  by  7  feet  of  clay  and 
cement.  No.  8,  in  the  table  below,  is  an  analysis  of  water  from  the 
upper  water  body  and  No.  4  from  the  lower  body.  The  samples  were 
taken  directly  fixim  the  wells  at  a  time  when  the  pumps  were  in 
operation. 

Much  interest  is  taken  by  the  water  users  of  the  valley  in  the  sup- 
posed improvement  in  the  quality  of  the  water  as  the  wells  are  used. 
Reference  has  been  made  to  such  an  improvement  in  case  of  the  Chand- 
ler wells  and  others.  Four  analyses  of  the  Phoenix  city  supply  have 
been  made,  as  indicated  below.  The  throe  analyses  representing  the 
shallow  i¥ells  extend  over  a  period  of  about  5.5  years.  Since  this  water 
supplies  the  city  the  draft  on  the  wells  is  constant,  and  if  use  will  mate- 
riallv  improve  the  quality  of  wells,  this  water  should  show  an  improve- 
ment. On  the  contrary,  the  latest  analyses  indicate  a  marked  increase 
in  the  quantity  of  soluble  salts. 

Afialyses  ofuxUerfrom  the  Phoenix  Water  Company' »  n-eUn. 


i^iantitative     (parte    in 
100,000): 

Total  Holids  soluble 
atllO*'  C 

Chlorine  in  terms 
o!  NaCl  (common 
salt) 

HardneHS  in  terms  of 
CaSO*  (sulphate  of 
lime) 

Alkalinity  in  terms 
of  Na,CO,  (black 
alkali) 


1.  Dug  well. 
Sept.  18,  189H. 


116.8 


2.  Dug  well. 
May  9.  1902. 


102.  4 


3.  Dug  wi'll. 
May  14,  1903. 


i.mcK) 


4.  Drilled  well. 
May  14.  1908. 


132.01) 


72.  o 


Strong. 


54.  H 


S.  98 


Nitrogen  in  the  form 
of  nitrates 


Nitrogen  in  the  form 
of  nitrites 


.  10 
.0007 


.1<> 
.  (M>4o 


80.80 
f).  iV.\ 

.25 
.02 


r7.60 


5.  44 


(Qualitative: 

Sulphates Very  strong.  Pronounce*!. 

Magnesia Very  strong.  Pronounce<l. 

Lime Very  strong.  Strong. 

Bicarbonates Strong. 


.00 

.25 

Very  faint. 

Pronounced. 

Pronounce<l. 

Strong. 

Very  strong. 
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PHOENIX  LIGHT  AND  FUEL  COMPANY'S  WELL. 

This  corapan}^  has  a  single  12-inch  double-steel-cased  well  at  the 
power  house  in  Phoenix.  The  well  is  194  feet  deep,  with  water  at  a 
depth  of  31  feet.  Below  a  depth  of  46  feet,  16  feet  of  clay  and  cement 
occur.  Otherwise,  throughout  the  entire  depth  of  the  water-bearing 
portion,  the  material  is  coarse  and  wholly  unconsolidated. 

Iahj  of  Pho4*mj'  Light  and  Fuel  Oompany*8  u^U. 

Fei't. 

Soil 15 

Gravel,  water  in  the  lower  part 31 

Cement 2 

Clay 11 

Cement 3 

Quicksand 3 

Sand,  gravel,  and  l)owl<iers,  water  bearing '. . .  129 

A  shaft  has  been  sunk  to  near  water  level  and  cemented  to  exclude 
any  moisture  from  without.  At  the  bottom  of  this  shaft  is  placed  the 
centrifugal  pump  and  50-horsepower  electric  motor.  The  water  is 
used  for  condensing  steam  in  the  jwwer  house,  aftfer  which  it  is  used 
for  irrigation. 

A  careful  pumping  test  wiis  made  at  this  plant  under  the  direction 
of  Mr.  D.  W.  Beldon,  the  engineer  in  charge,  with  results  given  below. 
It  will  l>e  noted  that  in  this  case  a  single  12-inch  well  is  yielding  1,995 
gallons  of  water  per  minute  continuously,  with  a  local  dei)re8sion  of 
the  water  table  of  little  more  than  16  feet. 

Report  of  teat  on  electrically  tlrivni  centrifitgal  jmmpfor  irrigation.^ 

[TcMl  made  Jatuiary  10.  1904,  by  I).  W.  Beldon,  electrical  engineer.] 

Motor  (3  i>ha*<e;  1^50  volt;  60  cycle )  8pee<l r.  p.  m. .  720 

Pump   (direct-connected   centrifujral ;    10-inch   suction;    8-inch  dischax^ge) 

r.  p.  ni 720 

Height;  jminp  center  alK>vc  water  ( still ) feet. .  5J 

Vacuum ;  pump  running inches. .  20 

Water  lowered  hy  jmmp  running  ( 22. feet     o J  feet ) feet. .  IGj 

Head  above  vacuum  gauge do 19 

Total  head  ( lesH  friction  and  velocity  of  <liHcharge) do 41 

Water  pumiRnl  per  minutt^ cubic  feet. .  266 

Total  power  abHorl)e<l  by  motor kilowatt**. .  38. 6 

Kilowatt  hours  required  per  acre-foot 105-t 

Cost  of  power  jK.»r  acre-fcK)t  (2  cents  i>er  kilowatt  hour ) $2. 10 

Cost  of  power  per  acre-foot  ( per  foot  of  lift) $0. 0512 

PERKINS  WELL  (SEC.  23,  T.  2  N..  R.  3  E.). 

Mr.  C.  W.  Perkins  has  a  lo-inch  drilled  well  155  feet  deep.  The 
water  surface  is  S8  feet  })eIow  the  surface  of  the  ground.     The  well  is 

"Thin  rejwrt  did  not  rcarh  the  writer  In  time  to  be  ineludcd  in  the  oomputationH  of  co«t  deHcribetl 
in  the  following  ehapters.  The  cost  does  not  differ  materlAlly  frCm  that  of  other  well-equipped 
pumping  plants. 
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uited  at  ld.r.   Perkins^'s  olive-oil  factory,  and  the  water  is  uaoA  for 

\gating  his  olive  and  orange  orchards  during  dry  times  when  ditch 

iter  can  not    be   obtained.     The  distance  through  which  the  water 

luat  be  raijaed   (a   minimum  of  83  feet)  prohibits  its  economic  use 

icept  as  a  last  resort.     Before  the  well  was  put  down  th(»  lack  of 

^tkler  in  the  irrigation  canals  at  critical  times  caused  serious  damage 

lolhe  fruit  and  even  the  death  of  a  large  number  of  trees.     Costly  as 

it  is  to  pump  from  such  a  depth,  water  at  a  critical  time  is  worth  much 

more  than  it  costs  in  saving  valuable  crops  that  might  otherwise  be 

injured  or  wholly  destroyed.     The  well  yields  about  20()  gallons  per 

ra'mute.     The  water  is  lifted  by  means  of  a  deep-well  pump,  operated 

by  a  gasoline  engine. 

Analytia  of  intter  from  (\  ]V.  PerhiM'n  well. 

V^iantltative  (parte  in  100,000): 

ToUl  solids  soluble  at  110**  C 8;i.  60 

Chlorine  in  terms  of  NaCl  (couinion  Halt) :^.  80 

Hanlneas  in  terms  of  CaSO^ 8.  :iO 

Alkalinity  in  terms  of  Na,(X), 00 

Nitrogen  in  the  form  of  nitratw 53 

Nitrogen  in  the  form  of  nitrites 871 

Qnalitative: 

Sulphates \'ery  strong. 

3ifagneaa Strong. 

Lime Strong. 

PHOENIX  MACHINE  AND  COLD  STORAGE  COMPANY'S  WELL. 

The  well  is  located  at  the  company's  factory  in  Phoenix,  and  was 
put  down  in  I)e<*eniber,  19()8.  It  is  a  12-inch  (loii})le-steel -cased  well 
125  feet  deep.  Only  5  feet  of  tine  material  was  encountered  at  the 
surface,  all  below  this  l^ing  entirely  loose  sand,  gravel,  and  })owlders. 
Water  is  raise<l  by  means  of  a  deep-well  cylinder  pump,  but  since  no 
threat  supply  i.i  required  the  capacity  of  th(»  well  is  not  known. 

Ijog  of  Phoenix  ^lorhhw  finff  Coitf  Stortuff  (hnnKiiiifx  urli. 

Ftt't. 

S,il 5 

San«l  and  l)owl<lerH  slightly  cx;ment*»<l 12 

.Sand,  gravel,  and  bowldern,  water  l)earing 1 18 

BARTLETT-HEARD    LAND    AND    CATTLE    COMPANY'S    WELLS 
(SEC.  30.  T.  I   N.,  R.  4  E.). 

An  extensive  piunpinjf  plant  has  been  planned  for  this  company  for 
tke  purpose  of  obtaining  an  auxiliary  water  supply  for  a  large  tract  of 
land  lying  south  of  Phw^nix.  A  battcu-y  of  six  15-inch  double-steel- 
c-ased  wells  has  been  established,  but  the  machinery  is  not  installed  at 
this  writing.  A  depth  of  28  feet  of  soil  was  i>enetrated,  and  wate;-- 
bearinj^  bowlders  were  encountered  to  a  depth  of  90  feet.     The  }>owl- 
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ders  are  underlain  by  granitic  wash,  10  feet  of  which  was  penetrated. 
The  water-bearing  material  is  coarse  and  unconsolidated.  Numerous 
quartzite  bowlders  up  to  1  foot  in  diameter  were  taken  from  the  well 
in  drilling.  The  water  is  under  no  pressure  and  its  surface  does  not 
even  reach  the  top  of  the  gravel  bed,  resting  at  a  depth  of  32.5  feet. 
On  account  of  the  limited  thickness  of  the  gravel  bed  drilling  was  sus- 
pended after  the  completion  of  the  second  well  and  a  preliminary  pump- 
ing test  was  made  under  the  direction  of  Mr.  Fuller,  the  engineer  in 
charge,  in  order  to  determine  whether  the  available  quantity  of  water 
would  justif}'  the  establishment  of  the  plant  at  this  place. 

Log  of  Bartlett' Heard  ImiuI  and  Cattle  ihmi>ani/8  n^ell  No.  S. 

Sand  and  soil 28 

(Travel  and  bowlders,  water  bearing 62 

Granite  wash 10 

The  perforated  areas  of  the  wells  differed  in  the  proportion  of  3  to 
5,  and  the  one  having  the  smaller  perforation  area  was  tested,  on  the 

assumption  that  if  it  proved  satisfactory 
there  could  be  no  question  regarding  thos(* 
having  better  perforations.  A  shaft  was 
dug  to  water  level  and  a  small  centrifugal 
pump  placed  at  the  lx)ttom  and  l>elted  to  an 
l8-horsepower  traction  engine  at  the  surface. 
The  pump  was  operated  ii.5  hours  and  read- 
ings were  taken  every  ten  minutes.  It  dis- 
charged an  average  of  78.8  miner's  inches  of 
water  (886  gallons  per  minute)  and  lowered 
the  water  in  the  well  19  feet  and  8  inches 
(tig.  10),  The  water  in  the  second  well,  15 
feet  from  the  one  tested,  was  lowered  onh' 
2  feet.  Within  thirty  seconds  after  the  pump 
stopped  the  water  rose  to  the  normal  level. 
A  lighter  demand  makes  correspondingly  less 
depression  of  the  water  table  and  therefore  a 
The  same  efiect  is  also  obtained  by  better  perforation  of 
The  present  lift  of  53  feet  can  probabW  be  materially 


Nymal    ♦vat^r  level 


Flit.  10.— Depression  of  wiiter  tabh' 
(turing  pumping  test  of  the 
Bartletv-Henrd  well. 


lower  lift. 

the  casing. 

lessened  and  the  desired  quantity  of  water  can  be  still  obtained  by 

sinking  a  number  of  properly  perforated  wells. 


Analyfds  of  ivnUr  from  Uw  Bartlett' Heard  Ijind  and  Cattle  (hmjyaiiy'n  ire//. 
(Sample  taken  during  the  pumping  test.  February  I.  1904.] 

Quantitative  (part8  in  100,000): 

Total  Folidp  soluble  at  110°  C 194.  0 

(Chlorine  in  terms  of  NaCl  (common  Siilt) 126. 0 

1  lardnesH  in  ti^rms  of  CaSO^  (sulphate  of  lime) 5.  44 

.Vlkalinity  in  terms  of  Na^COj  (blaCck  alkali) None. 

Nitrogen None. 
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Qualitative: 

Saiphates Strong. 

Magnema Strong. 

Lime Strong. 

BicarbonateH Very  ntrong. 

WELL   AX    THE    TERRITORIAL  ASYLUM   FOR  THE  INSANE 
(SEC.  2,  T.  I  N.,  R.  3  E.). 

The  asylum  is  situated  about  3  mile^  east  of  Phoenix  on  the  Phoenix- 

Tempe  road.      A  shaft  12  by  14  feet  and  22.5  feet  deep  is  tightly 

bricked  and  cemented  to  shut  out  any  surface  water  which  might  seep 

in.       From    the  JK)ttoni  of  this  shaft  a  12-inch  well   was  sunk   S7.5 

feet,  or  llO  feet  below  the  surface  of  the  ground.     At  a  depth  of  57 

feet  the  water-bearing  gravel  was  struck,  but  the  supply  of  water  is 

not  as  great  as  in  other  wells  entering  what  is  {)resuniably  the  same 

gravel  bed.     This  may  possibly  be  due  to  imperfections  of  construction ; 

only  the  lower  24  feet  of  the  pipe  are  perforated,  and  these  perforations 

were  made  before  the  casing  was  forced  into  the  well.     After  the  pipe 

was  in  place  the  well  was  "•\shot.'"    This  increased  the  available  supply 

to  a  quantity  sufficient  for  the  present  needs  of  the  asylum,  but  the 

yield  is  not  yet  as  great  as  might  reasonably  be  expected. 

Li>g  of  (vrylum  trdl,  near  Phoenij'. 

Feet. 

Soil 12 

Gravel,  water  bearing 16 

Clay  and  cement 9 

Gravel  and  bowlders,  water  b(»aring 58 

A  steam  pump  is  located  at  the  J>ottom  of  the  shaft  and  a  suction 
pipe  24  feet  long  extends  into  the  well.  TIh»  engine  is  usually  nin  at 
a  rate  which  lifts  95  gallons  per  minute,  and  depresses  tlic  water  sur- 
face 5  feet.  This  has  been  found  to  })e  pmctically  the  capacity  of  the 
well. 

There  are  two  water-l^earing  liorizons  in  this  well  separated  by  9  feet 
of  clay  and  cement.  Since  the  casing  is  perforated  only  near  the 
bottom,  the  upper  water  is  shut  otf,  and  analysis  1  of  the  following 
table  is  from  water  of  the  lower  gravels.  Analysis  2  is  from  water  of 
a  well  42  feet  deep  and  therefore  from  the  upper  body.  The  great 
similarity  of  the  analyses  indicates  that  the  two  water  bodies  are 
probably  connected. 
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Aiiaiiffet*  o/  mtter  from  the  asylum  weUy  nrar  Phoeiiix. 


Quantitative  (parte  in  100,000): 

Total  polids  soluble  at  llO**  C 

Chlorine  in  terms  of  NaCl  (common  salt) 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 

Alkalinity  in  terms  of  Na,(X)s  ( hlaok  alkali ) 

Nitrogen  in  the  form  of  nitrates 

Nitrogen  in  the  form  of  nitrites 

Qualitative: 

Sulphates .* 

Magnesia 

Lime 

Bicarbonates 


Nu.l. 


126.40 
78.80 
13.60 

None. 

Faint. 

Faint 

Very  strong. 
Strong. 
Strong. 


No.  1'. 


120. 40 
79.20 
8.20 
None. 
Faint. 
Faint. 

Very  strong. 
Very  strong. 
Very  strong. 


PHOENIX  INDIAN  SCHOOL  WELLS  (SEC.  ao,  T.  i  N.,  R.  3  E.). 

There  are  three  deep  wells  at  the  Indian  School,  one  at  the  power 
house  and  two,  designed  for  irrigation,  some  distance  from  the 
school  buildings.  The  well  at  the  power  house  is  193  feet  deep  and  6 
inches  in  diameter.  The  water  is  used  to  suppl}'  the  school  buildings 
and  lawns  and  is  pumped  at  the  rate  of  about  60  gallons  per  minute. 

The  first  irrigation  well  is  dug  to  a  depth  of  56  feet.  From  the  bot- 
tom of  this  pit  two  6-inch  holes  have  been  drilled,  the  first  145  feet 
and  the  second  338  feet  in  depth.  The  water  stands  36  feet  beneath 
the  surface.  It  was  the  original  plan  to  cut  the  well  casing  at  the  bot- 
tom of  the  open  part  and  allow  the  water  to  flow  from  the  drilled  wells 
into  the  open  well,  from  which  it  was  to  be  lifted  })y  a  bucket  pump. 

lyog  of  Pfutenir  !ndinn  Scfuxtl  Irrit/iUion  well  AV>.  1. 

Feet. 

Soil  and  cement 40 

I-^nd,  ceuiented  in  plat'es 40 

Hard,  white  cement 15 

Quicksand 6 

Sandy  clay 66 

Sand,  wat4}r  bearing 26 

Alternating  Ixjds  of  sand,  clay,  and  cement  (no  definite  record) 62 

Cement 20 

Cement<?d  sand 24 

(iranite  wash,  water  bearing 12 

Sand  and  gravel 12 

Cemented  sand 8 

Sand  and  gravel,  water  bearing'. 9 

Gravel  and  bowlders,  water  bearing 3 

The  material  passed  through  gave  promise  of  comparatively  little 
w^ater.     A  gmvel   bed  was  encountered  at  the  depth  of  335  feet,  but 
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Hince  the  casing  wax  not  extended  to  the  bottom  no  headway  could  ]ye 
made  in  the  loose  gravels,  and  the  drilling  wax  almndoned  for  a  time. 
The  gravel  bed  at  the  bottom  18  promising,  but  its  thickness  and 
character  are  unknown.  At  a  preliminary  pumping  test  only  10  inches 
of  water  was  obtained. 

The  well  is  supplied  temporarily  with  a  bucket  pump  operated  by 
an  electric  motor.  When  running  at  ordinary  speed,  the  pump  dis- 
charges about  200  gallons  of  water  per  minute  and  soon  drains  the 
open  well.  A  discharge  of  about  100  gallons  per  minute  maintains  the 
water  level  at  52  feet,  a  depression  of  16  feet,  thus  indicating  the  prac- 
tical capacity  of  the  well.  During  the  time  that  the  water  surface  was 
held  at  a  depth  of  62  feet  the  water  flowed  from  the  top  of  the  drilled 
wells  into  the  open  part,  but  without  any  great  force.  The  rate  of 
discharge  is  slow,  and  the  outlook  for  an  underground  supply  is  not 
encouraging. 

A  good  example  of  the  depression  of  the  water  table  is  found  at  this 
pkce.  In  the  year  1895  a  well  at  the  Indian  School  encountered  water 
at  a  depth  of  16  feet.  The  same  well,  deepened  as  the  water  surface 
lowered,  in  January,  1904,  contained  water  at  a  depth  of  8H  feet — a 
depression  of  22  feet  in  about  eight  years. 

Log  of  Phoenix  Indian  School  irrigatimi  wr//  No.  i?. 

Feet. 

Soil,  sand,  and  cement 85 

Sand,  water  bearing 14 

Cemented  sand 40 

Katt y  c lay 30 

Sand 10 

Patty  clay 16 

Sand  and  gravel 30 

Red  sandstone 3 

A  third  well  has  been  put  down  on  the  Indian  School  farm  I  mile 
east  of  the  school.  It  is  a  6-inch  drilled  well  228  feet  deep.  An  inci- 
dent occurred  in  drilling  this  well  which  has  an  important  bearing  on 
the  quantity  of  water  to  be  expected  in  this  vicinity.  Wat<*r  was 
found  at  a  depth  of  about  51  feet  and  rose  15  feet,  keeping  the  well 
filled  until  a  sand  stratum  was  encountered  at  a  depth  of  a}K)ut  170 
feet.  The  water  from  above  entered  this  sand  and  lowered  the  sur- 
face of  the  water  in  the  well  to  a}x)ut  100  feet— a  depression  of  about 
64  feet.  This  level  was  maintained,  the  stind  absorbing  the  entire  flow 
from  the  higher  water  horizons  until  the  leakage  was  stopped  by  clay 
pounded  into  the  loose  sand  by  the  action  of  the  drill. 

This  well  is  slightly  more  promising  than  No.  1,  but  no  test  has 
been  made.  The  red  sandstone  at  the  })ottoin  is  probably  the  breccia 
exposed  at  the  surface  farther  to  the  east  and  north. 
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AimUjse*  of  water  from  welU  at 

N<».  1  (45  feet). 


SALT    RIVER    VALLEY.       Ixo.  l't<^. 
the.  Phoenix  Indian  SchiH)!. 


^'^eetV^''       ^*'-  ^  ^^^  ^*^'^*'       ^'*'  ■*  ^*^  '^^^^• 


(.Quantitative      (i>artw      in  I 
100,000): 

Total  solids  soluble  at 

110**  C 245.20         250. (XI  :  222.00  .362.;^) 

Chlorine  in  tenns  of 

NaOl (common salt).  IHO.  80         145.00  141.00  258.00 

Manlnefls  in  terms  of 
Ca8()4  (sulphate  of 
lime) 21.80  (VS.  80  Nom'.  Strong;. 

Alkalinity  in  tt»niis  of 
Na^OOa  (Mack  al- 
kali)   None.  None.  IVi.'MS  None. 

Nitrogen  in  the  form 
of  nitrates .40,  .25  Faint.  .M) 

Nitrogen  in  the  form  ■ 

of  nitrites Faint  traces.  '  .  (K)  .  0008  |  .  IX)28 

Qualitative: 

Sulphates Very  strong.  |     Very  strong. 

Magnesia Very  strong.  I     Very  stn>ng. 

Lime Very  strong.  \' ery  strong. 

BicArlx>nates Strong.  I              Strong. 


G.  W.  SMITH'S  WELL   (SEC.  lo,  T.  i  N.,  R.  3  E.). 

This  well  is  dug  20  by  40  feet,  38  feet  deep,  and  has  8  feet  of 
water.  The  lower  half  of  the  well  is  in  coarse  sand,  gravel,  and 
bowlders,  and  rociuired  careful  timbering  to  keep  the  sides  from  caving 
in.  It  WHS  the  material  from  this  well  w^hich  was  used  in  the  experi- 
ment described  later  under  the  caption  of  *^pmctical  porosity.''  The 
water  is  raised  by  means  of  a  12-horsepower  gasoline  engine  and 
r)-inch  horizontal  centrifugal  pump,  at  the  rate  of  about  50  inches  (564 
gallons)  per  minute.     The  water  is  used  for  irrigation. 

THE  KUNZ  WELL  (SEC.  18,  T.  i  N.,  R.  3  E.). 

The  well  of  Dr.  R.  E.  Kuntze  and  L.  Kunz  &  Sons  is  6  by  (>  feet, 
24  feet  deep,  and  has  (>  feet  of  water.  It  was  begun  in  .189H  and 
has  since  been  lowered,  but  the  water  is  now  gradually  rising.  It  is 
used  for  irrigating  a  botanical  garden  containing  various  kinds  of 
shru])s,  trees,  and  flowers.  Since  181^9  the  garden  has  been  irrigated 
with  no  other  water. 

The  pump  is  a  novel  invention  of  one  of  the  owners  of  the  place  and 
has  coinpanitively  high  efficiency.  The  essential  part  of  the  mechan- 
ism is  a  light  walking  beam  about  12  feet  long  hinged  at  the  center. 
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with  its  extremities  traveling  over  a  sinuous  track.  Near  the  center 
of  the  walking  beam  is  placed  a  system  of  levers  which  operate  two 
suction  pumps.  A  mule  is  hitched  to  the  pump  in  the  ordinary  man- 
ner, and  when  properly  blindfolded  works  without  a  driver.  As  the 
machine  in  turned  the  walking  beam  is  made  to  oscillate  in  a  vertical 
plane  by  means  of  the  sinuous  track,  and  thus  works  the  pumps. 

The  comparative  ease  with  which  water  is  raised  by  this  machine 
and  the  claim  that  horsepower  is  cheaper  than  gasoline  or  steam  led 
to  a  careful  measurement  of  the  amount  pumped  and  the  computation 
of  cost  as  given  below.  The  value  of  the  mules  empIoyQd  is  probably 
exaggerated;  more  valuable  animals  would  do  correspondingly  more 
work.  The  pasturage  is  counted  at  ^l.oO  per  month  for  each  animal 
and  feed  at  $1.30  per  month. 

Cont  of  pumping  by  imUepmver  at  the  Kmiz  tjard. 

Cost  of  well  and  pump $200. 00 

Two  mulefe  at  $25 $50. 00 

Interest  on  investment  at  7  per  cent  i>er  annum  for  8.6  days $0. 17 

Depreciation  at  10  per  cent  per  annum  for  3.6  days $0. 24 

Average  amount  pumped  per  minute,  in  gallons 62 

Days  required  to  pump  1  acre-foot 3. 6 

Pasture  and  feed  for  2  mules  at  19  cents  per  day  for  3.6  days $0. 6S 

Oil  and  incidentals  (estimated) $0. 05 . 

Total  cost  per  acre-foot $1. 14 

Lift,  in  feet 18 

Average  cost  per  foot  in  raising  1  acre-foot  of  water $0. 063 

Analy»is  of  water  from  the  Kunz  well. 

Quantitative  (parts  in  100,000) : 

Total  solids  soluble  at  110°  C 223.00 

Chlorine  in  terms  of  NaCl  (common  salt) 146. 80 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 53.  70 

Alkalinity  in  terms  of  NhjCOs  ( black  alkali )  None. 

Qualitative: 

Sulphates Very  strong. 

Magnesia Strong. 

Lime Very  strong. 

Bicarbonates \>ry  strong. 

EAST  LAKE  PARK  WELL. 

This  well  supplies  water  for  a  natiitoriuiii,  foi*  an  artificial  lake,  and 
for  general,  park  use.  It  is  7  by  10  feet,  42  feet  deep,  and  has  9 
feet  of  water.  Water  is  raised  by  a  }>uc'ket  pump  operated  by  an 
electric  motor.  At  the  time  of  my  visit  to  this  plant  the  pump  was  dis- 
charging water  at  the  rate  of  210  gallons  per  minute,  and  this  seemed 
to  be  the  maximum  capacity  of  the  well. 
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WAGNER  WELL  (SEC.  i6,  T.  i  N.,  R.  3  E.). 

Mr.  Fmnk  Wagner  has  a  dug  well  7  by  7  feet  and  35  feet  deep, 
from  which  he  pumps  water  for  the  irrigation  of  his  gardens  and 
nursery.  The  well  is  provided  with  bucket  pump  and  horsepower, 
by  means  of  which  water  is  raised  at  the  rate  of  about  12  inches  (135 
gallons)  per  minute. 

WETZLER  WELL  (SEC.  11,  T.  i  N..  R.  3  E.). 

Lewis  Wetzler's  well  is  dug  8  by  8  feet  and  40  feet  deep,  and  con- 
tains 15  feet  of  water.  Water  is  I'aised  by  means  of  a  bucket  pump 
and  a  5-hor8epower  gasoline  engine  at  the  rate  of  about  35  inches  (396 
gallons)  per  minute.  This  water  has  been  used  since  1900  in  raising 
gaixlen  produce. 

Analysis  of  uxxier  from  Leiritt  Wetzler*}^  veliy  ntar  Phoenix. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  1 10**  C 144. 00 

Chlorine  in  terms  of  NaCl  (common  salt) 86. 00 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 23. 90 

Alkalinity  in  terms  of  Na,COs  (black  alkali ) None. 

Qualitative: 

Sulphates I'ronounceil. 

Magnesia Very  faint. 

Lime Strong. 

M'CALLUM    WELL  (SEC.  24,  T.  i  N.,  R.  2  E.). 

N.  P.  McCallum's  well  is  situated  on  the  southern  bank  of  Salt  River 
about  4  miles  southwest  of  Phoenix.  It  is  a  dug  well  9  feet  in  diame- 
ter and  31  feet  deep,  walled  with  brick  for  the  lower  15  feet.  Spaces 
are  left  in  the  brick  wall  to  allow  the  seepage  water  to  enter  from  the 
side.  The  well  is  dug  in  the  sands  and  gravels  of  the  river  deposit  a 
few  feet  from  the  souther luuost  channel  of  the  river.  This  channel 
serves  at  present  as  a  seepage  ditch  carrying  a  small  amount  of  water. 
This  water  is  led  by  a  subterranean  passage  into  the  well  and  adds 
materially  to  the  amount  availa])le  for  pumping. 

The  water  stands  normally  14  feet  below  the  surface.  An  8-inch 
Byron  Jackson  centrifugal  pump  is  placed  a  few  feet  above  the 
normal  water  level  and  openit(»d  by  a  4()-horsepower  traction  engine. 
The  amount  of  water  pumped  at  present  is  estimated  at  1,1()0  gallons 
per  minute.  With  this  yield  the  water  in  the  well  is  lowered  12.5 
feet,  and  remains  stationary.     A  heavier  demand  drains  the  well. 

Mr.  McCalluurs  ditch  is  arranged  to  Uike  flood  water  from  the  river 
whenever  such  water  is  available.  The  pump  water  is  discharged  into 
the  same  ditch.  A  subway  from  the  pump  to  the  ditch  is  cut  9.5  feet 
below  the  surface.  The  water  is  therefore  lifted  only  17  feet  when 
the  pump  is  discharging  1,100  gallons  per  minute. 
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A  12-inch  double-steel-cat^  drilled  well  ban  rei»cntly  l)eeii  put  down 
at  this  point.  It  is  124  feet  deep  and  i)eiietmtes  nothing  })ut  uncon- 
solidated sand,  gravels,  and  bowlders.  A  j)n*liniinarv  test  grave  175 
inches  of  water  (1,970  gallons  per  minute). 

Ijog  of  N.  P.  McOrdlibn'8  drUled  u:eU,  near  Phomij\ 

Feet. 

River  sand 10 

(Travel  and  bowldere^  water  })earin); 1 14 

COLLINS  WELL  (SEC.  15,  T.  i  N.,  R.  a  E.). 

Mr.  George  U.  Collinses  well  is  situated  alK)ut  8  miles  southwest  of 
Phoenix.  It  is  a  large  seepage  well  100  feet  long  by  ♦>0  feet  wide  and 
29  feet  deep.  The  material  encountered  for  the  upper  10  feet  is  sandy 
soil  and  for  the  remaining  19  feet  river  gravel  and  bowlders.  When 
the  pump  is  not  running  the  water  rises  to  within  19  feet  of  the  sur- 
fa(!e  of  the  ground.  The  water  is  raised  by  a  60-horsepower  steam 
engine  and  a  horizontal  centrifugal  pump  which  furnishes  a  (continuous 
supply  day  and  night  of  190  to  200  inch(\s,  or  about  2,200  gallons  per 
minute.  When  pumped  at  this  rate  the  water  in  the  well  is  lowered 
6  feet,  at  which  level  the  inflow  equals  the  amount  pumi>ed  and  the 
surface  remains  stationary.  When  a  greater  amount  is  pumped,  the 
surface  of  the  water  is  proportionately  lowered.     (See  PI.  V,  B.) 

The  bed  of  gravel  and  bowlders  in  which  the  well  is  sunk  has  evi- 
dently a  somewtiat  free  connection  with  the  underflow  of  the  river. 
At  the  time  of  my  first  visit  to  the  well  the  pump  had  not  been  in 
operation  for  several  days,  and  the  water  was  standing  at  normal  level. 
There  was  a  distinct  current  in  the  well  caused  obvioush'  hy  th(>  pas- 
sage of  the  underflow  through  it.  The  inflowing  cun-ent  was  stronger 
at  one  end  than  at  the  other,  resulting  in  a  slow  eddying  movement 
of  the  water  bearing  the  floating  material  in  an  endless  journey  a})out 
the  well. 

Mr.  Collins  was  kind  enough  to  give*  some  figures  and  facts  gleaned 
from  his  long  experience  which  may  be  of  benefit  to  those  thinking 
of  constructing  similar  plants.  The  cost  of  digging  and  casing  the  well 
was  $11,900 — probably  more  than  a  similar  well  wcuild  cost  in  some 
places.  The  looseness  of  the  gravel  and  })owlders  and  the  a})undance 
of  water  in  them  make  excavation  a  costly  process;  it  should  be  noted, 
however,  that  easier  digging  due  to  more  consolidated  gravels  is  likely 
to  be  accompanied  by  a  smaller  water  supply. 

The  plant  has  been  in  operation  for  three  years,  and  land  which  is 
irrigated  from  it  is  producing  as  good,  and  in  some  cases  better,  crops 
than  the  neighboring  land  irrigated  with  ditch  water.  This  may  be 
due  to  the  fact  that  pumped  water  can  )>e  applied  when  needed  while 
ditch  water  must  be  used  at  stated  times.  While  the  water  is  derived 
wholly  from  the  underflow,  the  (|uantity  and  kinds  of  salts  contained 
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iu  it  arv  not  ;*uch  as  to  warrant  the  doubt  of  it^  utilitj^  that  oxists  in 
the  minds  of  many  people  iu  the  valley.  It  will  be  noted  from  the 
folkwinjr  analysis  that  the  total  of  contained  salts  is  eoniparatively 
low  and  that  the  greatly  feared  black  alkali  is  absent. 

AmU^9  of  watfr  fnnti  Oeorgi'  II  OoUhtM'xurU,  near  Phoenix 

Qiuuititati>>e  vmrt8  in  100,000: 

Toul  solids  soluble  at  110*»  C 150. 00 

Ohlorim*  in  tenus  of  NaCl  (conmion  salt) 04.  SO 

llanlne^  in  tenns  of  CaSO^  (snlphate  of  lime) 17. 40 

Alkalinity  in  teniis  of  Na,CX)s  ( black  alkali ) None. 

Qualitative: 

v^ulphatw Stroller. 

Magnesia Strtmg. 

^•hne Strong. 

HicarUmates Strong. 

Measurements  were  made  at  the  Collins  well  for  the  purpose  of 
tHmiputing  the  cost  of  pumping.  The  water  was  measured  in  a  Umu- 
|x>rary  weir  and  the  quantity  given  (190  inches)  is  approximately  cor- 
iv<*t.     Leakagt^  at  several  points  occasioned  some  loss. 

( W  of  pttrnjiintf  mtttT  at  the  CoWuh  pumpiiKj  jdaiit. 

i\v«t  of  well $11,  900.  (K) 

i\^t  i>f  pump  and  engine $8, 100. 00 

lnten«t  on  $15,000  at  7  per  cent  per  annum  for  2.6  hours $0.  81 

I  Vprei*iation  at  10  jK»r  cent  i)er  annum  for  2.6  hours $0. 44 

Averagi*  discharge  of  water  in  inches 190 

.Vveragi*  discharge  of  water  in  second-feet 4.  75 

Hours  to  pump  1  acre-foot 2. 6 

1.5  t^onls  of  wood  lasts  14  hours  (average). 

i\vt  of  wocmI  for  2.6  hours,  at  $1.50  jier  cord  *^ $0. 48 

Oil  an<l  incidentals  (estimated) $0.  05 

Knginei»r,  2.H  hours,  at  25  cents  per  hour $0.  05 

Total  t»ost  per  acre-foot S^l .  93 

Total  lift  in  feet 22 

Average  cost  per  foot  of  raiding  1  acre-f(M»t $0. 07 

With  w<hk1,  reckoned  at  $4  per  con!:" 

Total  cost  per  acre-foot $2.  75 

Average  <'ost  per  foot  of  raising  1  acre-foot  <' $().  1 24 

NELSON  &  McILWAINE  WELLS   (SEC.  15,  T.   i   N.,  R.  2  E.). 

Those  wells  are  located  near  the  river,  about  8  miles  southwest  of 
IMioenix.  There  are  two,  7  feet  in  diameter  and  2t>  feet  deep,  dug 
side  by  side  and  comnmuicating*     The  water  is  raised  by  a  2i)-horse- 

•«W(X)<i  iM  reckoned  at  $1.50  per  cord;  this  is  its  cost  of  cutting  and  hauling  and  notitspurcha.se 
price.  Since  fuel  is  the  i>rincipal  item  of  expen.»*e  the  purchase  price  of  wood  should  be  counted  in 
order  t(»  compare  the  cost  of  water  at  this  point  with  the  cost  where  fuel  is  purchased  in  the  o^ien 
market.  Four  dollars  j>er  cord  may  be  considered  an  avenige  price  for  the  w«Hxi  used  at  this  plant. 
This  would  raise  the  cost  of  fuel  for  1  acre-foot  of  water  to  $1.28  instead  of  4s  rents  and  make  the 
total  cost  per  acre-foot  $2.75  and  the  average  cost  per  foot  of  raising  1  acre-foot  of  water  12.4  cents 
in  plaee  of  7  cents. 
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po^ii^^^' Model"  gasoline  engine  and  an  8-ineh  centrifugal  pump  at 
the  rate  of  900  gallons  per  minute.  The  water  surface  is  16  feet 
l)elow  the  surface  of  the  ground  at  present,  but  varies  with  the  water 
in  the  river.  At  the  time  of  my  visit  the  water  was  abundant  in  the 
river,  and  the  water  in  the  wells  was  lowered  only  5  feet  by  pumping. 
During  dry  seasons,  when  there  is  little  water  in  the  river,  the  water 
stands  at  a  lower  level  in  the  wells  and  the  pump  lowers  it  more  easily, 
and  even  drains  the  wells.  The  quantity  of  water  is  also  affected  by 
the  irrigation  of  lands  in  the  vicinity,  being  noticeably  more  abundant 
in  the  wells  during  times  of  extensive  or  continued  irrigation.  The 
supply  drawn  from  by  this  pumping  plant  is  therefore  due  to  seepage, 
partly  from  the  underflow  of  the  river  and  partly  from  the  return 
waters  from  irrigated  lands. 

The  well  water  is  found  to  be  very  useful  in  the  cultivation  of  crops 
which  grow  on  or  near  the  ground,  such  as  strawberries,  melons,  ettr. 
Ditch  water  is  used  at  certain  times  for  all  crops  on  the  ranch,  but  the 
well  water  is  used  at  times  when  muddy  ditch  water  would  be  detri- 
mental to  the  crops.  The  river  water,  especially  in  times  of  flood, 
contains  large  quantities  of  silt,  and  during  dry  times  the  supph'  may 
fail  altogether.  The  well  water,  being  free  from  silt,  is  used,  not  only 
in  times  of  drought,  when  river  water  is  scarce,  but  also  in  flomi  times, 
when  the  use  of  silty  water  would  injure  the  crops. 

This  pumping  plant  offered  favora})le  opportunity  for  computing 
the  cost  of  raising  water  by  means  of  the  gasoline  and  centrifugal 
pump.  The  measurements  of  the  water  were  made  by  means  of  a 
temporary  w^eir  constructed  for  the  purpose,  and  the  quantity  of  gaso- 
line used  is  based  on  an  average  of  many  runs.  The  pump  is  used 
ordinarily  not  more  than  one  hour  at  a  time,  ])ut  some  runs  of  several 
hours  have  l)een  made.  Long  runs  took  proportionately  less  gasoline. 
Since  nearly  all  the  runs  in  the  present  case  were  short  on(»s  the  conir 
puted  cost  of  an  acre-foot  is  greater  than  it  would  be  if  the  plant  were 
in  continuous  operation.  The  quantity  of  gasoline*  consumed  in  the 
longest  runs,  while  not  accurately  measured,  was  enough  less  to 
warrant  the  assumption  that  this  plant  could  raise  water  21  feet  at  a 
cost  not  exceeding  ^2.50  per  acre-foot. 

Q)i<t  of  pumping  ivater  at  AeU(m  »(*  MrI]ii'(i'nK''K  iminphuj  pldnt,  near  J*hoenij\ 

Cost  oi  well  (estimated ) H ,  000.  (X) 

C<>8t  of  engine  and  pump $1 ,  200. 00 

Interest  on  investment  at  7  per  cent  jht  annum  for  6  hours |0. 11 

Depreciation  at  10  i)er  cent  per  annum  for  6  hours $0. 1 6 

Average  amount  of  water  in  gallons  per  minute 900 

Hours  to  pump  1  acre-foot <> 

Average  amount  of  gasoline  per  minut^' gallons. .  1.5 

Gallons  of  gasoline  to  pump  1  acre-foot '. 9 

9  gallons  of  gasoline  at  28  cents $2. 52 

Oil,  repairs,  etc.  (estimated) $0. 06 
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Total  coet  per  acre-foot $2. 88 

Lift  in  feet 21 

Average  coet  per  foot  in  lifting  1  acre-foot ^.187 

PERRY  WELL  (SEC.  22,  T.  i  N.,  R.  a  E.). 

Mr.  Wm.  H.  Perry's  well  is  located  north  of  the  river,  not  far  from 
the  Collins  well.  It  is  12  by  10  feet  at  the  top  and  at  present  writing 
is  about  20  feet  deep;  it  is  not  yet  complete.  Water  occurs  at  a 
depth  of  14  feet  and  will  l>e  raised  b}'  centrifugal  pump  and  steam 
engine  having  a  capacity  of  al>out  2,00()  gallons  per  minute. 

The  well  is  about  three-fourths  of  a  mile  from  the  river,  and  the 
elevation  of  the  water  in  it  is  influenced  by  the  flow  in  the  river.  Three 
weeks  before  visiting  the  well  the  river  was  in  flood.  After  the  flood 
had  passed,  the  water  in  the  well  gradually'  rose  until  at  the  time 
of  visit  the  surface  was  H  feet  higher  than  it  had  l>een  three  weeks 
before. 

BRADSHAW  WELL  (SEC.  15,  T.  i  N.,  R.  2  E.). 

The  well  of  J.  R.  and  W.  W.  Bradshaw  is  8  })y  16  feet  and  27  feet 
deep,  and  has  8  feet  of  water.  The  water  is  raised  by  a  6-inch  centri- 
fugal pump  and  12-liorsepower  gasoline  engine;  when  in  use  a  stream 
of  60  inches  (675  gallons  per  minute)  is  obtained.  The  plant  has  iiot 
been  in  use  during  the  present  season,  1903,  owing  to  the  fact  that  a 
satisfactory  supply  of  ditch  water  was  obtained  cheaper  than  water 
could  be  pumped. 

BROWN  WELL  (SEC.  13,  T.  i  N,  R.  a  E.). 

»r.  Ij.  Brown  has  a  dug  well,  7  feet  in  diameter  and  19  feet  deep, 
with  6  feet  of  water.  The  water,  which,  until  recently,  was  used  for 
irrigation,  was  raised  })y  a  bucket  i)ump,  the  ix)wer  })eing  supplied  by 
S  horses  hitched  into  a  circular  arrangement  similar  to  a  merr\'-go- 
round.  A  stream  of  2.5  inches  (281  gallons  per  minute)  was  obtained 
when  the  pump  was  operated.  It  has  not  been  in  use  for  about  tw^o 
years. 

HARRIS  WELL  (SEC.  6,  T.  i   N.,  R.  a  E.). 

J.  J.  Harris  has  a  4-inch  drilled  well  108  feet  deep.  Water  was 
encountered  at  a  depth  of  82  feet,  but  it  contained  common  salt  and 
alkali  in  quantities  sufficient  to  render  it  unfit  for  use.  Again,  at  a 
depth  of  47  feet,  water  was  encountered  so  strongly  impregnated  with 
salts  that  it  is  describe<l  as  })rine.  At  a  depth  of  98  feet  a  gravel  bed 
was  encountered,  yielding  a  supply  of  good  water. 
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Log  of  J,  J,  Harris* if  well. 

Feet. 

Soil  and  clay 32 

Sand  and  gravel,  salt  water 2 

Clay  and  cement 18 

Sand  and  gravel,  brine 3 

Clay  and  gravel 38 

Hard  cement 10 

iiravel  and  bowlders,  water  bearing^ 3 

The  water  from  the  gravel  bed  at  the  bottom  of  the  w(»ll  rises  to 
within  30  feet  of  the  surface  of  the  ground,  2  feet  above  the  surfai^e 
of  the  upper  water  horizon.  The  upper  saline  waters  are  cased  off 
and  the  water  used  is  from  the  lower  gravel  stratum.  The  analysis  of 
this  water  is  as  follows: 

Anaiytin  of  %catet  from  J.  J.  Harris'' »  well. 

Quantitative  (parti)  in  100,000): 

Total  solids  soluble  at  110<»  C 268.00 

Chlorine  in  terms  of  NaCl  (common  salt) 185. 60 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 34. 80 

Alkalinity  in  terms  of  Na,C<),  (black  alkali ) None. 

Nitrogen  in  the  fonn  of  nitrates 2. 00 

Nitrogen  in  the  form  of  nitrites Very  faint. 

Qualitative: 

Sulphates Strong. 

Magnesia Strong. 

Lime Very  ntrong. 

Bicarbonates , Prononnced. 

KELLNBR  WELL  (SEC.  6,  T.  i  N.,  R.  i  E.). 

Mr.  E.  F.  Kellner's  well,  which  is  situated  12  miles  west  of  Phoenix 
on  the  Yuma  road,  is  a  7-inch  well  5.54  feet  deej).  A  li^lit  flow  of 
water  was  obtained  at  322  feet,  which  rose  to  within  IS  fe(»t  of  the 
surfa^'e.  The  purpose  in  sinking  the  well  was  to  obtain  if  {x>ssible  a 
supply  of  flowing  or  artesian  water.  Owing  to  accidents  in  the  work 
the  well  WHS  never  completed  and  has  never  been  used. 

In  January,  1904,  in  taking  the  tempeniture  of  the  well  it  was  found 
to  be  only  324  feet  deep,  the  lower  23o  feet  havinjj^  tilled  with  sand. 
Water  was  found  at  a  depth  beneath  the  surface  of  32  f(»et,  a  lowering 
of  14  feet  since  the  well  was  drilled.  The  t^Mupeniture  at  the  depth 
of  324  feet  is  82.3°  F. 

OSTRICH  RANCH  WELL  (SEC.  3,  T.  1  N.,  R.  i  E.). 

This  is  a  4-inch  drilled  well  170  feet  deep  with  U()  feet  of  water. 
Water  is  raised  either  by  windmill  or  engine  as  occasion  demands.  The 
pumping  is  intermittent,  but  the  well  is  known  to  yield  at  least  35 
^llons  per  minute.  The  full  capacity  is  not  known.  No  satisfactory 
record  of  the  formation  penetrated  at  this  place  could  be  obtained. 
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Analyns  of  water  from  Ostrich  ranch  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  1 10°  C 130. 00 

Chlorine  in  terms  of  NaCl  (common  salt) 76. 00 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime) 8.  20 

Alkalinity  in  terms  of  Na,COs  (black  alkali ) None. 

Qualitative: 

Sulplates Very  Htronj;. 

Magnesia Distinct. 

Lime Strong. 

BicarbonateH Strong. 

MOORE  WELL   (SEC.  ii,  T.  i  N.,  R.  x  W.). 

The  well  of  Mr.  W.  G.  Moore  is  situated  on  the  western  border  of 
the  Agua  Fria  flood  plain.  It  has  been  in  operation  since  181^4,  and 
irrigates  250  acre«s.  The  well  is  about  60  feet  long  and  20  feet  wide, 
and  has  a  maximum  depth  of  16  feet.  The  water,  which  is  raised  by 
a  6-ineh  Byron  Jackson  centrifugal  pump,  operated  by  a  traction 
engine,  is  said  to  run  at  present  about  110  inches  (1,238  gallons  per 
minute)  continuously.  More  ngorous  pumping  drains  the  well.  The 
water  is  the  underflow  of  the  Agua  Fria,  and  the  available  quantity  is 
directly  dependent  on  the  condition  of  this  stream.  From  1894  to 
1902  a  depth  of  12  feet  supplied  a  satisfactory  quantity  of  water,  but 
in  1902  the  water  was  low,  owing  to  a  long  drought,  and  the  well  was 
lowered  4  feet  to  secure  the  required  amount  of  water.  During  the 
first  four  months  of  the  present  year  (1903)  the  water  has  risen  in 
the  well  3.5  feet. 

HEATON  WELL  (SEC.  15,  T.  x  N.,  R.  i  W.). 

Mr.  John  lleaton's  well  is  45  feet  deep;  the  lower  38  feet  is  drilled 
and  has  a  6-inch  casing.  The  dug  part,  12  feet,  is  walled  and 
cemented,  and  .serves  as  a  small  I'cservoir.  At  the  bottom  is  a  hori- 
zontal suction  pipe  is  attached  to  the  well  casing,  and  supplied  with  4 
common  .suction  cylinders  5  inches  in  diameter;  from  each  cylinder  a 
small  rod  extends  to  an  eccentrir  revolving  shaft  at  the  top  of  the  well. 
The  casing  is  fitted  with  a  check  valve  to  prevent  any  return  of  the 
water  from  the  well  reservoir  down  the  casing  pipe  when  the  pumps 
arc  stoi)ped.  It  is  thus  evident  that  while  in  operation  the  suction 
cylinders  are  12  feet  under  water,  and  the  4  iron  rods  attached  to  the 
])lungers  work  through  this  depth  of  water  with  considerable  friction. 
The  fourfold  plunge  ])ump  is  operated  by  an  H-horsepower  ga.soline 
engine,  in  which  distillate  is  used  in  place  of  gasoline.  The  engine 
has  a  much  greater  capacity  than  the  work  demands,  and  runs  at  a 
proportionate  disadvantage. 

A  careful  computation  of  the  cost  of  raising  water  in  this  manner 
was  made  and  is  given  below.     The  depth  from  which  the  water  is 
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lifted  while  the  pump  is  in  operation  could  not  be  measured  accurately 
on  account  of  the  peculiar  construction  of  the  well.  It  is  thought, 
however,  from  the  behavior  of  other  wells  in  the  vicinity,  that  the  lift 
does  not  vary  greatly  from  the  figure  given  below,  28  feet.  Since  the 
engine  works  automatically,  there  is  no  account  taken  of  attendance. 

Coifl  of  raimng  water  from  John  Heaton'^  well. 

Coetof  well $100.00 

(Vwt  of  engine  and  pamp $400. 00 

Interest  on  investment  at  7  per  cent  iH*r  annum  for  45  hours $0. 18 

Depreciation  at  10  per  cent  per  annum  for  45  hours $0. 26 

Capacity  of  pump  in  gallons  per  minute 120 

Number  of  hours  to  raise  1  acre-foot 45 

Gallons  of  distillate  used  in  a  10-hour  run 13 

Gallons  of  distillate  used  to  pump  1  acre-foot 13. 5 

13.5  gallons  of  distillate  at  25  cents $3. 38 

Oil  and  repairs  (estimated) $0. 05 

Total  cost  per  acre-foot $3. 87 

IJftin  feet 28 

Average  cost  per  foot  in  lifting  1  acre-foot  of  water $0. 138 

Analysitt  of  nxUer  from  John  Ilentitn't*  nrll. 

Quantitative  (parts  in  100,000) : 

Total  solids  soluble  at  llO**  C 28.00 

Chlorine  in  terms  of  NaCl  (common  salt) 5.  20 

Hardness  in  terms  of  CaSO^  (sulphate  of  lime ) 1 .  09 

Alkalinity  in  terms  of  Na,CO,  ( black  alkali ) None. 

Qualitative: 

Sulphates Pronounced. 

Magnesia Proiiounce<l. 

Lime Pronounced. 

Bicarbonate^ None. 

HAYNE  WELL  (SEC.  i,  T.  x  N.,  R.  x  W.). 

L.  C.  Hayne's  well  is  U  b}'  7  feet  and  24  feet  deep,  with  8  f(»et  of 
water.  Water  is  raised  by  a  small  steam  engine  and  a  -t-ineh  centrifu- 
gal pump,  which  is  said  to  supply  50  inches  of  water  (562  ^llons  per 
minute). 

The  well  seems  to  be  supplied  by  seepage  from  the  irrigated  aiea  to 
the  east.  When  irrigation  is  carried  on  extensively  the  water  in  the 
well  is  notably  higher. 

RICHARDSON  DITCH  (SEC.  X5,  T.  i  N.,  R.  i  W.). 

Mr.  Richardson  has  a  seepage  ditch  near  the  mouth  of  th(»  Agua  Fria. 
The  ditch  cuts  the  water-bearing  gnivels  for  ai)out  three-fourths  of  a 
mile  to  a  maximum  depth  of  10  feet.  The  water  obtained  is  estimated 
at  a  maximum  of  150  inches  when  the  ditc»h  is  kept  clear.  Less 
than  50  inches  were  flowing  at  the  time  the  ditch  was  visited.  The 
accumulations  of  sand  and  alga?  cause  continuous  work  in  keeping  the 
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ditch  crlear.  Mr.  KicharcLson  estimates  that  the  constant  work  of  a 
man  and  team  is  required  in  order  to  obtain  the  best  results  fi"om  the 
ditch. 

Analysis  of  wUer  from  Richartlson  ditch. 


:     March  5. 1900.     <     April  21. 1900. 


Quantitative  (parts  in  100,000): 

Total  PolidH  aoluble  at  1 10<»  (^ 

Chlorine  in  terms  of  NaCl  (t'omnion  salt) 

Hardness  in  terms  of  CaSC\  (sulphate  of  lime)  . 

Alkalinity  in  terms  of  Na,CX)s  (black  alkali)  . . . 

Nitrogen  in  the  fonu  of  nitrates 

Nitrogen  in  the  form  of  nitrites 

Qualitative: 

Sulphates Very  strong. 

Magnesia 

Lime Very  strong. 


.... 

moo. 

:«.4 

6.00 

7.4 

None. 

None. 

1.17 

1.8 

.12«    1 

.148 

.0082  1 

Faint. 

strong. 

Strong. 

Strong.  ; 

Strong. 

strong.  , 

Strong. 

COOPER  WELL  (SEC.  x6,  T.  i  N.,  R.  4  E.). 

Mr.  J.  D.  Cooper  has  a  small  pumping  plant  north  of  Tempe.  The 
well  is  14  by  20  feet  and  22  feet  deep,  with  4  feet  of  water.  The  water 
is  raised  by  a  -i-horsepower  gasoline  engine  and  bucket  pump,  whioJi 
yields  a  supply  estimated  at  20  inches  (PI.  VI).  The  well  is  in 
gravels,  a  few  rods  from  the  river  bank,  and  the  water  comes  from  the 
flow  of  the  river,  which  is  hei-e  continuous. 

THOMAS  MURPHY  WELL   (SEC.  30,  T.  2  N.,  R.  4  E.). 

Mr.  Thomas  Murphy's  well  is  located  northeast  of  Phoenix,  west  of 
the  Crosscut  canal.  It  is  a  6-inch  well,  325  feet  deep,  and  is  one  of 
the  few  wells  of  the  region  which  reach  be<l  rock.  The  sandstone 
and  conglomerate  shown  in  the  log  is  probably  the  same  as  the  sedi- 
mentary formation  which  occurs  at  Ciimelback  Mount^iin.  about  2 
miles  to  the  north,  and  in  the  })utt<\s  just  ojist  of  the  Crosscut  canal, 
and  which  is  described  in  Chapter  II. 

J^nj  of  Thomas  Murphif*s  ufll  No.  1. 

Foot. 

Soil 4 

( -lay  an<l  ccnM'nt t)6 

( I  nivi'l 8 

<  V  iiu'nt 5 

<  iniv«'l,  \vat4»r  In^aring 87 

(lay 27 

( J  rav«'l 3 

Conglomerate 81 

Mk^X  sandstone 129 

Shale 17 

San<lHtone 8 
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The  conglomerate  of  this  well  should  not  be  confused  with  the  water- 
bearing  gravels  and  bowlders  so  common  in  the  valley-till.  The  valley- 
fill  is  here  only  140  feet  deep;  below  this  depth  the  material  is  consoli- 
dated red  breccia,  and  can  not  l>e  expected  to  yield  water  so  readily  as 
the  unconsolidated  gravels  of  the  valley-till. 

Analyses  have  teen  made  from  water  taken  at  4  horizons  at  this 
place.  The  horizons  are  78  feet  (1),  lf)8  feet  (2),  187  feet  (3),  and  225 
feet  (4),  respectively,  below  the  surface.  The  water  from  the  upper 
horizon — that  from  the  37-foot  gravel  }>ed-  is  strongly  (•barged  with 
sodium  carbonate  (black  alkali),  while  the  waters  from  the  lower  hori- 
zons are  free  from  the  alkali. 

Analyses  of  water  from  Thomas  Murphy  m  well  So.  1. 


Quantitative  (partj<  iu  100,000): 

Total  solids  soluble  at  IKP  C 

Chlorine  in  terms  of  NaCl  (com- 
mon salt) 

Hardness  In  terms  of  CaS04  (sul- 
phate of  lime) 


:<80.4 


10.  KM  ; 


Alkalinity  in  terms  of  Na,  CO3  ' 
(black  alkali) | 


None. 
2.33 
.40 


Nitrogen  in  the  form  of  nitrate*.  .^ 
Nitrogen  in  the  form  of  nitrites. . . 
QualitatiTc: 

Hulphates Very  .strong. 

Magnesia Very  strong. 

Lime Very  strong. 


:^0c^.  2 


None.  , 

2.70 
.80  ' 
None.  , 


Very  strong. 
Very  strong. 
Verj'  strong. 


No.  3. 

No.  4. 

3M8.0 

325.8 

106.0 

12s.  4 

None. 

32. 1 

45.16 

None. 

1.43 

.66 

.0666 

.0078 

Very  strong. 

Ver>'  strong. 

Ver}'  strong. 

Very  strong. 

Very  strong. 

Very  strong. 

Another  deep  well  is  in  process  of  construction  by  Mr.  Thomas 
Murphy  at  the  northern  border  of  this  section.  At  the  present  time  it 
is  865  feet  deep.  Very  little  water-})earing  material  was  encountered, 
as  is  shown  in  the  log.  It  is  worthy  of  note  that  the  well  penetrates 
red  .sandstone,  presumably  the  red  breccia  exposed  to  the  east  and  to 
the  north,  and  that  beneath  the  sandstones  occurs  soft  clay.  Where 
the  red  brecc'ia  is  exposed  at  the  surface  it  rests  upon  granite.  This 
does  not  seem  to  be  the  case  in  the  Murphy  well.  It  is  possible  that 
the  clay  at  the  bottom  is  nothing  more  than  soft  shale,  similar  to  the 
shale  above,  and  that  the  drill  worked  it  into  a  pliant  mass  not  recog- 
nizable from  unconsolidated  clay.  On  the  other  hand  it  is  possible 
that  the  cla\^  penetrated  by  the  Murphy -McQueen  well  at  Mesa,  and 
by  the  7()5-foot  Chandler  well  occurs  at  this  place  and  is  penetrated  by 
the  Thomas  Murphy  well. 

Ia}(J  of  TUoinoH  Mnr}>hi/x  hyU  \o.  ,/. 

Feet. 

C^ementeti  wanli 160 

Red  «iiul8U>ne 38 

Shale  an<l  flay  containing  fragments  of  granite 225 

Alternating  layers  of  Hliale  and  sandstone 427 

Soft  clav \^ 
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Since  this  is  the  deepest  well  in  the  vallej'^ — the  Murphy-McQueen 
well  having  filled  with  sand  for  several  hundred  feet — a  series  of  tern 
perature  observations  were  made,  as  follows: 

Temperature  of  Thomas  Murphy*  8  well  No.  £  at  varioua  depth». 


Depth. 

Tempera- 
ture. 

Time  ther-  i 
mometer    | 
remained   , 

in  well.     1 

I 
KemarkD.                      '              \ 

Fed. 

Iteffreff. 

Hour$.      ' 

100.... 
200.... 

74. «  f 
79.  1  r 

8  feet  beneath  the  water.    Temperature    . 
probably  lowered  by  eurface  evapora-    I 
tion. 

300.... 

79.  84 

m 

400.... 

80.0-t 

7  1 

500.... 

.        80.  (h 

:      17' 

'8u8i)eiided  in  water. 

600.... 

.        81.lt 

!               2  I 

700.  ... 

81.9^ 

•> 

1                             " 

HOO.... 

82.1  : 

2 

H:i5.... 

8;i  0  ' 

1 

20 

In  mud  at  Iwttom. 

The  observations  indicate  a  moderately  regular  increase  in  temper 
tare  downward,  although  that  increase  is  not  so  rapid  as  might  1 
expected.  No  variation  of  temperature  is  caused  here  by  circulatic 
of  water,  as  the  water-l>earing  strata  ai*e  cased  off  at  the  presei 
tune.  Since  no  work  has  l)een  done  at  the  well  for  two  pionths  < 
more  the  recorded  temperatures  are  evidently  the  true  temperature 
for  tlie  rock  at  the  various  depths. 

The  temperatures  taken  at  intervals  of  100  feet  indicate  an  increaj 
downward  of  0.2  F.  to  0.1)^  F.  per  lOO  feet.  Reckoned,  howeve 
from  the  basis  of  the  average  surface  temperature,  a  very  differei 
rate  is  obtained.  The  average  surface  tempemture  at  Phoenix,,  base 
on  seven  years'  observation,  is  69.3'^  F.  There  is,  therefore,  « 
increase  downward  of  14.7^^  F.  in  835  feet,  or  an  average  increase  i 
I-  F.  for  every  57  feet. 

All  things  considered,  this  series  of  observations  gives  the  mo 
accumte  record  of  the  rate  of  increase  of  temperature  downward  < 
any  observations  obtained  in  this  region,  but  since  the  well  is  not 
the  range  of  free  circulation  of  Salt  River  underflow  the  temperatu: 
is  not  included  in  the  table  showing  the  temperature  of  that  underflow 
which  is  given  in  Chapter  IV. 

W.  J.  MURPHY  WELL  (SEC.  5,  T.  2  N..  R.  3  E.)- 

This  is  a  3-inch  drilled  well  12S  feet  deep  with  IS  feet  of  wate 
Water-bearing  gravels  were  encountered  at  a  depth  of  110  feet  ai 
are  at  least  18  feet  thick. 
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Log  of  W.  J.  Mvrj)hi/8  weU. 

Feet. 

Alternating  sand,  clay,  and  cement 110 

Gravel  and  bowlders,  water  bearing 18 

Anaiygis  of  water  from  W.  J.  Murphi/ n  well. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 115.8 

Chlorine  in  terms  of  NaCl  (common  salt) Itt.  6 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) 46. 11 

Alkalinity  in  terms  of  Na,CO,  (black  alkali) None. 

Qualitative: 

Sulphates Very  strong. 

Magnesia Very  strong. 

Lime Very  strong. 

MESSINGBR  WELL  (SEC.  4,  T.  2  N.,  R.  3  E.). 

M.  W.  Messinger's  well  is  drilled  175  feet  deep  and  cased  to  the 
Mtom,  with  no  perforations.  The  water  is  52  feet  deep,  having  its 
surface  123  feet  below  ground  surface.  The  available  quantity  of 
water  was  tested  with  a  12-horsepower  engine  and  pump.  The  yield 
could  not  be  learned,  but  when  the  pump  was  run  at  the  greatest  speed 
possible  the  water  was  lowered  only  2  feet. 

BEET-SUGAR  FACTORY  WELL  (SEC.  8,  T.  2  N.,  R.  2  E.). 

A  6-inch  well  has  been  drilled  at  the  beet-sugar  factory  now  in  proc- 
ess of  construction  near  Glendale.  The  well  is  117  feet  deep  and  is 
designed  only  to  furnish  water  for  the  construction  work  of  the  factory. 
The  water  is  drawn  from  the  gravels  at  the  bottom  of  the  well.  It  is 
under  verj'  little  pressure,  as  it  stands  about  100  feet  ))elow  the  surface. 

Log  of  well  at  heet-migar  facton/y  (Ueiidnle. 

Feet. 

Soil 8 

Sand  and  gravel 2 

Clay.^ 7 

Cemented  gravel 2 

Clay 29 

Cement 8 

Cemented  bowlders 16 

Cement 14 

Clay 19 

tSand  and  gravel,  water  bearing 12 

Analyses  of  water  from  well  at  beet-Hngar  factor i/^  (Hendale. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 54. 60 

Chlorine  in  the  terms  of  NaCl  (common  salt) 15. 50 

Hardness  in  the  terms  of  CaSO^  (sulphate  of  lime) None. 

Alkalinity  in  the  terms  of  Na^COs  (black  alkali) 1.99 

Nitrogen  in  the  form  of  nitrates -  -     1. 24 

Nitrogen  in  the  form  of  nitrites W^ 
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Qualitative: 

Sulphates Pronounced. 

Magnesia Faint. 

Lime Pronounced. 

Bicarbonates Strong. 

BARTLETT  WELL  (SEC.  4,  T.  2  N.,  R.  2  E.). 

S.  C.  Bartlett's  well,  one  of  the  first  to  be  drilled  in  the  region,  was 
completed  in  1892.  It  was  311  feet  deep,  but  was  cased  with  4-inch 
pipe  to  a  depth  of  only  70  feet.  No  log  of  the  well  was  preserved, 
but  Mr.  A.  J.  Straw,  who  was  managing  the  Bartlett  ranch  at  the  time 
the  well  was  put  down,  stated  that  the  first  water  struck  was  at  the 
depth  of  120  feet.  A  second  water-bearing  stratum  was  penetrated  at 
a  depth  of  about  185  feet,  and  a  third  at  the  bottom  of  the  well — 311 
feet. 

This  well  has  been  of  great  interest  in  the  community  on  account  of 
certain  indications  which  lead  to  the  supposition  that  water  is  to  be 
found  under  suflicient  pressure  to  make  flowing  wells.  Mr.  Straw, 
who  is  himself  an  experienced  well  driller,  and  has  put  down  a  large 
number  of  the  wells  near  Phoenix,  said  that  at  a  depth  of  311  feet 
the  drill  struck  a  very  hard  layer,  on  which  the  drilling  machinery 
employed  was  not  strong  enough  to  have  much  effect.  After  pound- 
ing for  about  two  hours  the  water  is  said  to  have  suddenly  spurted 
from  the  well,  rising  about  7  feet  above  the  top  of  the  casing.  The 
upward  rush  of  the  water  lifted  the  drill  and  operations  were  stopped. 
The  water  flowed  from  the  well  for  a  few  moments,  then  gradually 
ceased.  The  next  morning  the  drill  was  started  again  and  the  water 
is  said  to  have  again  spurted  from  the  top  of  the  pipe  as  before,  and 
operations  were  discontinued,  the  drilling  machinery  being  inadequate 
to  cope  with  the  difliculty. 

Water  enough  was  obtained  to  supply  all  needs  at  tlie  time  and 
nothing  further  has  been  done  to  the  well.  Since  the  casing  reaches 
only  to  a  depth  of  70  feet,  the  lower  portion  of  the  well  soon  tilled 
and  the  water  is  now  derived  presumably  from  the  upper  or  120-foot 
horizon. 

ALKIRE  WELLS  (SEC.  21,  T.  2  N.,  R.  2  E.). 

Frank  Alkire  has  two  drilled  wells  in  this  locality.  The  last  one  was 
completed  in  1903;  it  is  a  6-in<5h  well  96  feet  deep.  No  water  worthy 
of  mention  was  encountered  until  the  well  reached  a  depth  of  96  feet, 
when  a  gravel  bed  was  entered,  which  yields  all  the  water  desired. 
This  water  was  confined  by  a  hard  layer  of  cement. 
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Log  of  Frank  Alktre'n  weiJ  near  Phoenix. 

Fwt. 

Soil 22 

Sand  and  gravel,  dry ft 

Clay,  sand,  and  cement 27 

(ira?el,  a  little  water 10 

Cement ^ 1 

Bowlders,  water  bearing ? 

Analyns  of  water  from  Frank  AlkMs  ^cell^  near  Phoenix. 

Quantitative  (parts  in  100,000): 

Total  Bolids  soluble  at  1 10°  C 41.1 

Chlorine  in  terms  of  NaCl  (common  salt) 10. 0 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) Strong. 

Alkalinity  in  terms  of  Na,CO,  (black  alkali) None. 

Nitrogen  in  the  form  of  nitrates 0004 

Nitrogen  in  the  form  of  nitrites 1.5 

SILVA  WELL  (SEC.  15,  T.  2  N..  R.  2  E.). 

Mr.  Alexander  Silva's  well  is  dug  100  feet  and  drilled  35  feet.     The 

water  stands  95  feet  below  the  surface.     Some  water  was  found  in 

black  sand  at  a  depth  of  103  feet,  but  no  satisfactory  supply  was 

obtained  until  gravel  was  reached  at  a  depth  of  110  feet.    The  water 

from  this  gravel  bed  flows  continually  from  the  top  of  the  pipe  into 

the  open  or  dug  part  of  the  well  and  leaks  back  again  in  the  stratum 

of  sand  above. 

Log  of  Alexander  Silva^s  well  near  Pfioeiiix^  Ariz. 

Feet. 

Soil 12 

Sand  and  gravel 6 

Alternating  layers  of  cement,  clay,  and  sand 72 

Quicksand 6 

Hard  cement 7 

Black  sand 4 

Clay 9 

Sand,  gravel,  and  bowlders,  water  bearing 16 

MILLER  WELL  (SEC.  33»  T.  2  N.,  R.  2  E.). 

Exiward  Miller  has  a  4-inch  drilled  well  78  feet  deep,  with  24  feet  of 
water.  A  stream  of  salt  water  was  encountered  at  a  depth  of  50  feet. 
Beneath  the  salt  water  a  stratum  of  cement  occurs,  beneath  which  is  a 
sand  yielding  a  satisfactory  supply  of  good  water.  This  water  is 
under  slight  pressure  and  rose  a  few  feet  when  struck. 

Log  of  Edward  Miller^ s  well  near  Phoenix^  Ariz. 

Feet. 

Sandy  soil 16 

Bowlders,  dry 4 

Cement,  sand,  and  clay 30 

(travel,  salty  water 3 

Cement ? 

Sand,  water  bearing *^ 
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HOUGH  WELL  (SEC.  6.  T,  2  N.,  R.  2  E.). 

Mr.  Samuel  Hough  han  a  6-inch  drilled  well  105  feet  deep,  with  15 
feet  of  water.  For  95  feet  the  material  island,  clay,  and  gravel,  more 
or  less  cemented;  for  the  lower  10  feet  it  is  uncemented  gravel.  The 
material  is  sufficiently  firm  to  stand  without  casing,  and  the  well  is 
cased  only  a  few  feet  from  the  top.     It  has  been  in  use  since  1899. 

A.  H.  SMITH  WELL  (SEC.  21,  T.  2  N.,  R.  2  E.). 

A.  H.  Smith's  well  was  dug  96  feet  deep  and  had  originally  13  feet 
of  water,  probably  derived  from  the  gravel  bed  reached  by  other  wells 
of  the  vicinity,  though  this  can  not  be  definitely  stated.  At  a  depth  of 
96  feet  the  well  was  in  a  hard  cement  which  required  blasting;  after 
the  blast  the  w^orkman  descended  but  found  the  water  13  feet  deep  in 
the  well,  and  nothing  further  has  ever  been  done.  The  water  is  used 
only  for  domestic  purposes,  but  the  supply  seems  to  be  abundant. 

Anaiysin  ofivnterfrom  A,  H.  ASmith^M  v>eU. 

Quantitative  (partti  in  100,000): 

Total  solids  soluble  at  110°  C 130.5 

Chlorine  in  the  temis  of  NaCl  (common  salt) 40. 0 

Hardness  in  the  terms  of  CaS04  (sulphate  of  lime) Stronjr. 

Alkalinity  in  the  terms  of  NajCOj  (black  alkali) None. 

Nitrogen  in  the  form  of  nitrates 10. 0 

Nitrogen  in  the  form  of  nitrites 012 

GLENDALE  TOWN  WELL  (SEC.  8,  T.  2  N.,  R.  2  E.). 

This  is  a  t>-inch  drilled  well  112  feet  deep,  and  contains  12  feet  of 
water.  It  was  put  down  in  1894  and  has  yielded  a  satisfactory  supply 
of  water  (*ver  since  that  time. 

Analij)nn  of  vx  tier  from  the  Glendale  town  irelij  (ilendnU\  Ariz. 

Quantitative  (parts  in  100,000) : 

Total  soluble  solids  at  110°  C 79. 2 

(^Jhlorine  in  tenns  of  NaCl  (common  salt) 39. 0 

Hardness  in  terms  of  CaS04  (sulphate  of  lime) Strong. 

Alkalinity  in  terms  of  NajCOj  ( black  alkali) None. 

Nitrogen  in  the  fonn  of  nitrates None. 

Nitrogen  in  the  form  of  nitrites 0003 

HAMILTON  WELL  (SEC.  5,  T.  2  N.,  R.  2  E.). 

Mr.  H.  W.  Hamilton  has  a  O-inch  drilled  well  120  feet  deep,  with 
7  feet  of  water.  Water-bearing  gmvels  were  encountered  at  a  depth 
of  119  feet. 
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Analytis  of  fvater  from  H.  W.  Hamilttm^if  weli, 

Qoantitative  (parts  in  100,000): 

Total  solids  Boluble  at  110*»C 115.80 

Chlorine  in  terms  of  NaCl  (common  salt) 35. 60 

Hardness  in  terms  of  CaS04  (solphate  of  lime) 46. 11 

Alkalinity  in  terms  of  Na,CX)s  (black  alkali) None. 

Qualitative: 

Sulphates Very  strong. 

Magnesia •. Very  strong. 

Lime Very  strong. 

Bicarbonates No  trace. 

J.  P.  ORMB  WELL  (SEC.  25,  T.  2  N.,  R.  i  E.). 

Mr.  J.  P.  Orme'8  well  is  dug  74  feet  deep.  At  a  depth  of  44  feet 
gravels  were  encountered  which  yielded  a  little  water,  but  the  supply 
was  not  satisfactory  and  the  well  was  deepened.  At  a  depth  of  72  feet 
a  loose  gmvel  bed  was  found  which  yielded  a  large  supply,  the  water 
rising  26  feet  and  remaining  near  that  level  since  the  well  was  dug  in 
1885.  The  well  is  now  filled  to  some  extent  so  that  the  water  does  not 
actually  measure  26  feet.  The  water  from  the  lower  gravels  is  said  to 
be  much  better  in  quality  than  that  which  comes  from  higher  horizons. 

Lag  of  J.  P.  Ormf^s  t/WV,  iifar  Phoenix. 

Feet. 

Soil 18 

Loose  gravel  and  sand 12 

Cement 14 

Loose  gravel  and  sand,  little  water 15 

Cement 13 

Gravel,  water  bearing 2 

L.  B.  ORME  WELL  (SEC.  35,  T.  2  N.,  R.  x  E.). 

L.  B.  Orme  has  a  4-inch  drilled  well  102  feet  deep.  The  material  to 
a  depth  of  76  feet  is  clay,  sand,  and  cement,  yielding  no  satisfactory 
water  supply.  At  76  feet  a  gravel  bed  was  encountered  from  which 
the  water  rose  14  feet — to  within  62  feet  of  the  surface. 

Log  of  J  J.  li..Orme^s  well,  tifar  Phoen'w. 

Feet. 

soa« 6 

iSand  and  gravel 6 

Soil 10 

Alternating  layers  of  cement,  clay,  and  Hand 54 

Gravel  and  bowlders,  water  l)earing 26 

BURROWS  WELL   (SEC.  35.  T.  2  N.,  R.  1  W.)- 

Dr.  C.  Burrows's  well,  which  is  1(»  feet  square  and  25  feet  deep,  is  a 
seepage  well  in  the  sands  and  gravels  of  the  Agua  Fria.  It  was  in  use 
from  1896  to  1900.  Water  was  raised  hy  ste^m  power  and  a  centrifu- 
gal pump,  which  furnished  a  continuous  stream  of  150  inches  (1,680 
gallons  per  minute).     No  use  has  been  made  of  the  well  niuce  IftW. 
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WIEDER  WELL  (SEC.  3a.  T.  3  N.,  R.  3  E.). 

J.  A.  Wieder'js  well  is  drilled  14^  feet  deep.  Near  the  bottom  is  a 
sand  stratum  that  yields  the  water,  which  is  17  feet  deep  and  of  good 
supply.  The  windmill  with  which  the  well  is  supplied  has  not  been 
able  to  exhaust  the  supply  even  in  the  strongest  winds.  The  well  is 
not  cased,  and  yet  in  the  six  years  since  it  was  drilled  only  1  foot  of 
sand  has  accumulated  at  the  bottom,  the  material  through  which  it  is 
drilled  being  almost  entirely  composed  of  the  coarse  angular  wash 
from  the  hills.     No  waterworn  gravels  were  encountered. 

Analym  of  imterfrom  J.  A.  Wieder* s  well. 

Quantitative  (parts  in  100,000): 

Total  solids  Boluble  at  110*»  C •. 76.1 

Chlorine  in  terms  of  NaCl  (common  salt) 31. 5 

Hardness  in  terms  of  CaSOi  (sulphate  of  lime)  . ., Strong. 

Alkalinity  in  terms  of  NajOOj  (black  alkali) None. 

Nitrogen  in  the  form  of  nitrates 70 

Nitrogen  in  the  form  of  nitrites 0078 

FOWLER  WELL  (SEC.  33.  T.  3  N.,  R.  2  E.). 

Mr.  B.  A.  Fowler  has  a  6-inch  drilled  well  133  feet  deep  with  8  feet 
of  water.  The  well  was  drilled  in  1899.  No  accurate  log  of  the  well 
was  kept,  but  the  presumption  is  that  the  water  comes  from  a  depth  of 
133  feet. 

Analjfm  of  water  from  B.  A.  Fowler*  8  weU. 

Quantitative  (parts  in  100,000): 

Total  solids  soluble  at  110°  C 80.9 

Chlorine  in  terms  of  NaCl  (common  salt) 13. 2 

Hardness  in  terms  of  CaSO*  (sulphate  of  lime) 36. 5 

Alkalinity  in  terms  of  Na^COs  (bla<»k  alkali) None. 

COLE  WELL  (SEC.  31,  T.  3  N.,  R.  2  E.). 

This  well  is  dug  125  feet  deep.  The  material  is  alternating  layers 
of  sand,  clay,  and  cement  for  123  feet,  when  a  water-bearing  sand  is 
encountered.  Two  feet  deeper  a  strong  flow  was  struck  from  which 
the  water  rose  19  feet,  where  it  has  remained  practically  constant  since 
1896,  when  the  well  was  dug. 

lA)g  of  N.  O.  Colo's  urll,  near  Phoenix. 

Feet. 

Alternating  layers  of  sand,  day,  an<l  cement 123 

Sand  and  gravel,  water  bearing 2 

TABULATION  OF  WELLS  FOR  PHOENIX  REGION. 

Many  wells  in  the  Phoenix  region  were  visited  in  addition  to  those 
described.  In  most  cases  nothing  was  found  worthy  of  special  descrip- 
tion, and  the  measurements  were  placed  directly  on  the  map  for  con- 
struction of  the  water  table.  In  other  cases  meager  information  was 
obtained,  as  indicated  in  following  table: 


WKLL   BECORDS — TBK   PBOBNIX   BKGION, 


91 


III 


t 


iSiSiiii  ;i 


I  s  ■ 


I 


1"s- 


Ill      !«-•-•-•--•--• 


o   o   o   c   o   c 


I        ;<^  %  >s  ^  y:  sb;  sr«  v:  >*  >< 


A.* 

9> 


H 


11 


I 


8^9$^^s;9S?8$;?t 


j2  ^^•O^'OTJjgTJ^ 


J5  !£  S 


S  S  S  S 


s  s  s  ;^ 


I 


I 


§S§§§iisi§§ 


§s§§s§iis§i§ 


•nonaos 


^    OC    «    0»    ^    <0    00 


a  2  2  55 


eo  iQ  lo  le 


^^iCiOiotDcoao 


^9eoeOM•oeoeec9e4M94nc<«MC4Cleoc^M»BlBMeaeo 


'diqfiLttox  i       X  ?j  v;  Si?  >^  z  SB  v^  SB  ;i^<  ^  SQ^  >^;  v;  szi  ;:>!;  SB  ;<^ 


ciMcte^rioicici 


8 
1 


^    •  X    ::::::::::::::::::  .i  M 

a^'SOocooooocooooooooo<3a 

g     i   "O    •«    •©    •«   •«   •©    •«    "O    "O    •©    "C    -O    "O   "O    "O   "O    "O   •«    fl     g 

j»  •?    i    :    :    :    :    i    :    i    :    :    :    :    i    i    :    :    :    i  "2  J3 


^  H  a< 


e 

I 


-jaqmnx 


s 


2  "E 
£ 


•  I 


2    5     ag 

t  o  -g 


KI& 


6  »2  £ 


S  «   flj  K  «   g 


i?g|«^.  S^.i|« 


as    nJ  « 


O   »< 


>4'<f5ir;.-;>5.-ios5S!5 


.  a  "  J  ss 
»'  »:  g  a  ^ 


l3 


;!  S  8  »  ^  ?^  ?. ' 


92 


UNDEBOROUKD   WATBBS   OF   SALT   RIVER   VALLEY.       (so.  1»6. 


1 


r 

•9 


^ 


5°a 

H3» 


.llgliil 


i"S8 


Ss-gE 
.a  o> 


iggiigig§§iii§iigi 


•§S§S§ESS§§Si§§§§§ii§§§S§li 


S  S  d 
>*  >«  55 


d   S   V 
P5  5h  >* 


S  S  $  8  S  5  §2 


1^ 


,     .  S  8  o  S  S  S  7 


I 

Q  A  Q 


coocccocoooooc 

r,  *^  y^  y^  *^^  y*  "^  '^  "i,  *^  *A  y^  *jr^  "^ 


gf?^S?Scf?S5:?:55^??gS&!§8^:? 


3?3!?J??S.?l;S?§Si?g2?S?gS$ 


I  ■§  •§     •  1  -o 


o   o   p  "S 
•c  -C  "O  ^ 


fl  Q 


o    o    o    o  "g    c 

•C    -C    -C    "O     *    "O 


I 

:5s 


5i 


s  s 


iiSiiliii§i§ 


•uonoes 

;S;5S8?J^Q?555tjt;t-,  tl?:j?:iS?5aS8g8888S 

1 

*a:8iivH 

«eocc«ccooeoeo«eoooeccc«weo«eoeccoeooo«eo«eo 

•diqsuMOX  I 


y,  y,  y,  y,  y,  y  y,  y  'A  y,  y,  y  y  y,  y,  y,  y,  y,  y,  'A  y,  y,  y,  y,  'g:,  y, 


O 


II 

1:2 


7?    ^ 
C 


I  i  £^ 


£  =  2 


IllsJlillslil J  ;g  i 


'  W   d   s  X     .     .    .     .  -  .  „ 


6  a 


a  S  ^2  '^ 
^  J  £  ai 


c  c 


2i>  5 


u 


£  O  w  pq  (4 
S  «  ^  ^  w 


X   ^ 


cc*  ^'  &i 


•jaqiunx 


8  55  ?J       2  5S  C;  2£ 


22)2s2?:^:?:^2$g|?;cg§§8 


UL] 


WELL   BECORD8 — THE   PHOENIX    REUION. 


93 


ii§iii§i§sg 


iiiilii 


i§§i§iigssi§§ 


iii§i§is§§S 


§sg|§ssgggs||||ggg|g§g| 


^^SS§§!^I$$S3«$^SS    iSSSSS^j? 


53$§gs5"^5SSS|Sg|S8SSgSSSS3Sg?:l§§gSS!: 


occco'2     iooo'Soooocoo     •c'g     :oo'Sc_     .__ 

ofi:::Q:::::::Q:Qa::Q::Q 


ii§iii§§iiii§ii 


lilililliil 


=5  5 


en    w   S)    cn   S   S   Sb 


s5ssgsgsgsi?ssS'^'-'*'«'«'^^*i2?JFr^assiS3**z2sgja 


U'  H  &4  H  H  H    b)'    »    H   H  H  H  C4  U  H  fid  H  &4  H  U  H  iiii  U  M  ad  M  H  M  bi  £ii  Ei^  W 

2;  Z  Z  25  55    55    ^*    5^«   Z   ;?;  55  5zi  55  ;c  y;   2:   55  ^  '/i   55  55   55   55   55   55  55   55  55  55   55  55  55   55  55 


Ih 


ceso    o     o    ooo^ooooooocacocooooocaccoS 

•  r  ^.  ^.  ^.     .     ::;§:::::::_§£  o    ::::::::£  5    ::  5 


2  ? 


Jl 


s  Si  i  SI -E  Ilia  I  iSislli^ili 
ill  l|jlllg||llM||il2l 


J?    i^  <<  :::  s 


lillil 


Wo 

5?  S  S  S  fe 


r  "H  ^  ??  ^>"  « 
-     ,    »*    oa  ^    V5  p    I      • 


2  I  .5  r=   ^ 


C«     CO     "^     •« 


«    ■v    »    ?o    t««    t^ 


94 


UNDKBOBOUND    WATERS   OF    HALT    RIVER    VALLEY.        t»o.  136. 


-2 

a 

G 

J 

I 

.  s 

.S3 


-8 


3:5^ 


sSfg 


V  s 


AG 


>*>*>*>*>*>*  y,  >*  'A    '.  >*  y,  >*  >*  w  'St,  >* 


§?8JSSSSS^SS^Sag$SS? 


I  


occcco'Sc     :c'5cc     '.v. 


a1 


%mt 


It:  = 

C  Q  A 


Q>     9>     ^    Ok     03     9^ 

3C     QO     00     OC     X     QC 


uonoas  I 

i 


SJ????^^^S^??^S§?SS^i8 


I  I 


? 


y^  y.  y  y,  y  y  y  y  y  y  y  y  y  y  y  y  y 


c    c    S    c    c 


•c  -c  '3   -c 


£  J  «^  ? 

3  ^  ?  5  =  .  .  . 

^  ^  :;  I  ==  c  :?  c 

■-/i  c  * 


flu  a. 


S  «  :f 


^-  PQ  < 

^:  J  ^: 


a: 


'^    "^     be 

-;  :;  a:  :? 
<  ui  ai  ;5d 


•jaf|uinx 


CHAPTER  II. 

GEOLOGY. 

The  formations  within  the  area  covered  by  the  accompanying  geo- 
logic map  (PL  VII)  are  limited  in  number,  owing  to  the  fact  that  the 
only  map  of  the  region  available  for  use  in  showing  the  areal  distri- 
bution of  the  geologic  formations,  was  constructed  primarily  as  a 
map  of  irrigable  lands.  In  order  to  obtain  a  correct  conception  of  the 
geologic  relations  of  the  valley,  something  of  the  surrounding  hills 
must  be  known.  For  this  reason  a  brief  description  of  the  formations 
occurring  near  Salt  River  Valley  is  included  with  those  represented 
on  the  map. 

PRE-CAMBRIAN  ROCKS. 

A  small  area  of  the  Archean  complex  is  included  in  the  region  shown 
on  the  map  north  of  Tempe  and  in  Camelback  Mountain.  The  rock  is 
mainly  granite  and  gneiss,  intersected  in  numerous  places  by  dikes, 
most  of  which  are  highly  decomposed.  Outside  the  valley  the  granites 
are  extensively  exposed  in  the  surrounding  hills.  In  the  Salt  River 
Mountains,  south  of  Phoenix,  a  tine-gi*ained  biotite-granite  occurs, 
which  is  being  used  successfully  as  an  ornamental  stone.  Granite 
occurs  in  large  masses  in  the  Sacaton  Mountains,  southeast  of  Salt 
River  Valley  and  in  the  mountains  to  the  east  and  the  north.  The 
granites,  particularly  to  the  east,  are  ver\'  coarsegrained,  the  feldspars 
often  attaining  a  diameter  of  '2  inches.  The  rock  disintegrates  in  the 
arid  climate  of  Arizona  to  a  coarse-grained  arkose,  commonly  known 
in  this  region  as  granitic  wash. 

Three  samples  of  rock,  so  chosen  that  they  are  representative  of 
the  granites  in  and  about  Salt  River  Valley,  have  been  described  by 
J.  E.  Spurr,  of  the  United  States  Geological  Survey,  as  follows: 

No.  1.  Mountains  south  of  Salt  River  and  east  of  Mesa,  Ariz.,  coarse,  siliceous  bio- 
tite-granite. Structure — hypidiomorphic,  granular,  with  a  tendency  to  idiomorphism, 
suggesting  at  times  a  micro-pegmatitic  structure.  This  rock  contains  abundant 
quartz;  orthoclase  containing  a  great  deal  of  sericite,  probably  a  decomposition 
pro^hict;  microline;  and  an  undetermined  finely  striated  feldsi)ar,  which  is  very  likely 
albite.  There  is  also  frequent  hiotite,  almost  entirely  altered  to  chlorite  and  epidote, 
with  abundant  titanite,  and  considerable  original  magnetite.  The  whole  rf)ck  shows 
the  effects  of  weathering  markedly,  but  is  not  profoundly  decomposed. 

No.  2.  Same  locality  as  No.  1.  Siliceous  granite,  similar  to  No.  1.  Structure — 
coarse,  hypidiomorphic;  contains  orthoclase,  including  nmch  sericite,  probably  8e<!- 
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ondary ;  quartz  contemporaneouB  in  general  with  the  feldspar,  but  largely  segregated 
in  veinlike  bodies;  abundant  epidote  and  chlorite.  Titanite  is  relatively  abundant. 
The  rock  shows  the  effect  of  weathering  to  a  considerable  extent. 

No.  3.  From  head-gate  of  Consolidated  canal.  Siliceous  biotite-granite.  Struc- 
ture—irregular, coarse  to  fine,  hypidiomorphic,  granular,  in  part  poikilitic;  contains 
orthoclase,  partly  kaolinized;  microline  slightly  decomposed  to  sericite  and  kaolinic 
decomposition  products,  and  a  striated  feldspar  whose  optical  properties  show  it  to 
be  very  siliceous,  prolmbly  anorthoclase.  The  abundant  biotite  is  fairly  fresh; 
quartz  is  present  in  large  (]uantity;  fine  muscovite  occurring  in  the  orthoclase  in 
flakes  may  be  secondary,  but  is  probably  original;  original  magnetite  is  present; 
titanite  is  in  large  and  abundant  crystals. 

This  rock,  although  a  different  facies  from  Nos.  I  and  2,  is  of  the  same  petro- 
graphic  character,  and  all  can  very  easily  belong  to  a  single  rock  mass  or  intrusion. 
The  condition  of  this  rock  is  fairly  fresh. 

In  addition  to  the  granites  there  are  extensive  series  of  gneisses  in 
the  hills  surrounding  the  valley.  The  granites  pass  into  the  gneisses 
by  imperceptible  gradations.  Rocks  occur  in  which  the  feldspars  are 
but  slightly  deformed,  while  others  reveal  a  highly  gneissoid  structure. 
Bands  of  gneiss  were  noted  in  several  places  in  the  midst  of  granites 
which  show  little  or  no  gneissoid  structure,  probably  where  movement 
has  occurred  along  lines  of  least  resistance,  while  the  more  resistant 
masses  remained  unchanged. 

In  the  Phoenix  Mountains,  immediately  noith  of  the  city  of  Phoenix, 
occurs  an  extensive  series  of  metamorphosed  sediments,  many  thou- 
sands of  feet  in  thickness  (PI.  VIII,  -1  and  B),  The  layers  rest  in  a 
nearly  vertical  position.  The  quartzite  which  makes  up  a  large  pro- 
portion of  this  series  has  probably  furnished  many  of  the  quartzite 
bowlders  of  the  valley  fill,  which  are  described  later. 

In  the  Tonto  basin  east  of  Salt  River  Valley  an  extensive  series  of 
quartzites,  argillites,  etc.,  occur,  which,  although  they  are  pre-Cam- 
brian  are  nuich  less  disturbed  and  less  altered  than  the  sedimentaries 
of  Phoenix  Mountains  (PI.  IX).  The  pre-Cambrian  series  of  Tonto 
basin  is  prol>ably  the  Apache  group  of  "Ransomo."  Dr.  Charles  D. 
Walcott  refers  this  formation  to  the  Algonkiaii.  He  writes  regarding 
the  relations  at  the  Tonto  dam  site: 

The(-arl>oniferonH  limestones  rest  directly  and  uncoiiforinably  niK.)n  the  (juartzites 
and  argillites  of  the  Algonkian.'* 

The  formation  is  composed  throughout  of  extremely  resistant  rock, 
fonuing  an  escar])ment  in  which  the  strata  arc  nearly  horizontal,  as. 
in  the  Sierra  Ancha  (PI.  IX,  Zf),  overlooking  the  Tonto  l)asin,  or 
forming  a  ridge  where  the  stratu  are  tilted,  as  in  the  ridge  through 
which  Salt  River  has  cut  its  gorge  at  the  Tonto  dam  site  (PI.  IX,  A^ 
and  tig.  11). 

♦»  Runsonu',  F.  L..  Otology  of  the  Globe  eop|>or  «1i.Htrict,  Arizona:  Prof.  I*ai»cr  V.  S.  (ieol.  Survey  No. 
12,  \m\  |»p.  2H-:».  (ieology  of  Globe  quadrangle:  Geologic  Atlas  V.  S.,  lolio  111,  U.  8.  Geol.  Sur\'ey, 
1904. 
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.4.     SALT   RIVER  DAM  SITE.   LOOKING  UPSTREAM   INTO  TONTO  BASIN. 
The  rock  is  Algonkian  quaitztUs  and  argil.rt«8  dipping  upstream.     Photograch  by  Wa.'ter  Lubkin. 


//.     SIDE  CANYON   IN  TONTO  BASIN. 
Showing  the  nature  of  tht*  auartzites  and  argillites  of  the  Algonkian  ttrata  of  the  Sierra  AncM. 
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The  thickness  of  this  formation  as  exposed  in  this  gorge  is  about 
l,8fH)  feet.  In  the  Sierra  Ancha  the  same  formation  is  seen  and 
seems  to  be   much   thicker.     It  is  extensively  exposed  along  Salt 


Pig.  11.— Section  through  Salt  River  gorge  at  the  Ton  to  dam  site. 

River,  east  of  Tonto  basin,  and  has  probably  furnished  the  greater 
portion  of  the  gravel  and  bowlders  of  the  valley  till  of  Salt  River 
Valley. 

CARBONIl?^ROU8  ROCKS. 

The  formation  next  3'ounger  than  the  Apache,  so  far  as  known  in 
the  vicinity  of  Salt  River  Valley,  is  the  lower  Carboniferous.  Fossil- 
iferous  limestones  rest  upon  the  Apache  group  in  the  Tonto  basin,  and 
have  yielded  the  following  fossil  forms: 

Fossils  frfjni  limefffone  at  Tonto  hdsin  dam  site. 


Zaphrentis  sp. 
Menophylluni  excavatum. 
Syringopora  8urcularia. 
S.  aculeata. 
Leptopora  typa. 
Rhipidomella  sp. 
Schuchertella  inaequalis. 


ProductiiH  la;vit!08ta. 
Spirifer  centronatiiH. 
Spirifer  sp. 

Cainarot^i'cliia  metal lica. 
Platyc*era8  Hp. 
Bellerophon  Hp. 
Fish  tooth. 


Fossils  from  limestonrs  near  Tonto  ftasin  dam  site. 


Zaphrentis  Mp. 
Menophylluni  excavatum. 
Cyathophyllum  sp. 
Syringopora  surcularia. 


I-^ptoiM)ia  typa. 
Rhi])idomella  sp. 
Schuchertella  inaMjnalis. 
Spirifer  centrouatus. 


Fossils  from  limestone  at  Windy  Hillj  Tonttt  basin. 

Menophyllum  excavatum. 
Cyathophyllum  sp. 
Syringopora  aculeata. 
Leptopora  typa. 

iRR  i:J&— 05 7 


Crinoidal  fragments. 
Spirifer  centrouatus. 
Seminula  humilis  ? 
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These  fassils  were  identified  hy  Creorire  H.  Girty,  paleontologist  of 
the  United  States  (leologic'al  Survey,  who  refers  the  formation  to  the 
Lfower  Carboniferous.  The  fossils  iiw  identical  with  those  found  in 
the  Uedwall  limestone  of  the  (irnnd  C'anyon  section.  In  writing  of 
the  fauna,  Mr.  dirty  siiys: 

The  opinion  it*  ex]»Iv^<^^Mi  with  (*(>nsi(ierahh>  iH>iifidence  that  the  faunas  repreeent 
the  earlier  half  of  Minsissippian  time.  The  fauna  is  that  which  has  a  wide  range 
thnniKhout  the  AVi'nt,  havinj^  In'en  foiuul  in  almost  every  State  east  of  the  Sierra 
NevaduH.  It  chanu-U'rizeH  the  Madinon  liniestonefl  of  Wyoming  and  Montana,  the 
Ouray  linii^HtoneH  of  Oolonulo  (in  its  up]K*r  portion),  the  lower  {Mirt  of  the  Wasateh 
liinentones  of  Ttah,  ete.  The  fauna  n'^enibles  that  of  the  Kinderhook  and  Osage 
diviHiona  of  the  MiHsinsippi  Valley  wH^tion. 

TKUTIAUY   (?)  DEPOSITS. 
SEDIMENTARY  ROCKS. 

It  is  not  c(»rtainly  known  that  any  Mesozoie  strata  are  represented 
in  or  near  Salt  Rivor  Valley.  Near  Teinpe  occur  several  isolated 
cxjK)surcs  of  red  sandstones,  con^loinenit(»s,  and  breccias,  of  which  a 
thickness  of  about  i2(M)  feet  is  ex^wsed  at  Tempo  Butte.  The  base  is 
a  niassivo  sandston(%  us(»d  in  the  valley  for  building  purposes.  The 
sands  become  more  and  more  argillaceous  toward  the  top,  where  red 
shale  undt^lies  the  lava  capping  th(»,  butt(\  These  strata  dip  55^  to 
the  southeast  and  strike  N.  ♦»()    E. 

North  of  the  river  at  Temp<»  occurs  a  series  of  red  sandstones  passing 
downward  through  a  coarse  arkosc  to  a  granitic  breccia  at  the  l>ase. 
The  formation  is  apparently  a  continuation  of  the  sandstones  of  Tempe 
Butte,  although  it  dips  southwest  «»5  (strike  N.  40  W.),  nearly  at 
right  angles  to  the  direction  of  dip  at  the  Butte.  This  formation 
tippanMitly  ext*»nds  little  more  than  a  mile  north  of  the  river,  although 
this  can  not  bo  contidently  stated  on  account  of  the  fragmental  debris 
which  covers  the  greater  part  of  the  surface.  A  well  about  1.5  miles 
northwest  of  T(»mpe  is  in  siindstone  to  the  depth  of  about  200  feet, 
while  a  well  2.5  miles  northwest  of  Tempi^  is  entin^ly  in  gmnite  to  the 
depth  of  110  fo(»t.  The  attitude  of  the  sandstones  both  north  and 
south  of  the  river  is  best  explained  by  faulting,  but  the  fault  planes 
are  entirely  obscured  b}*  surface  debris.  The  sandstone  is  show  n  in 
PI.  Xli.     Nothing  has  l>oen  found  to  indicate  its  tige. 

In  the  buttes  north  of  Tempo  (PI.  XI,  />)  and  on  the  western  slope 
of  Camelluick  Mountain  (PI.  XI,  ^1)  occurs  a  formation  composed  of 
arkose  .sand.stone,  breccia,  and  conglomerate.  It  is  coarse  and  massive 
and  indicates  only  the  roughest  kind  of  bedding.  It  rests  upon  an 
uneven  surface  of  gmnite  and  the  base  is  composed  wholly  of  frag- 
mental gmnite.  Higher  in  the  series  other  constituents  enter.  Quartz, 
quartzite,  ]iisix»r,  and  a  number  of  species  of  igneous  rocks  were 
noted.     I  n  places  the  pebbles  are  we  1 1  rounded,  forming  a  conglomerate. 
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.1.     CAMELBACK    MOUNTAIN.    NEAR   PHOENIX. 

Showing  breccia  at  the  left,  resting  on  the  flank  of  -i  gramte  mour.tain 
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but  on  the  whole  the  material  is  sharply  angular.  The  base  is  not  well 
defined.  The  massive  granite  gives  place  to  a  granitic  agglomerate 
scarcely  separable  from  the  unbroken  granite  beneath,  and  this  agglom- 
erate passes  upward  into  conglomerate,  breccia,  and  arkose  sands 
according  to  locality.  In  PI.  XI,  A^  granite  is  shown  at  the  right, 
and  massive  granoclastics  at  the  left,  passing  upward  to  stratified 
breccia. 

The  sandstone  and  brec^cia  of  the  Tempe  region  are  similar  in  being 
red,  arkose,  and  devoid  of  fossil  fonns.  It  is  possible  that  they  form 
a  single  series  passing  from  the  granoclastic  mass  at  the  \mse  through 
the  breccias  and  sandstones  to  the  shale  at  the  top.  They  are  not 
found  in  actual  contact,  and  are  apparently  unconformable.  The 
breccia  seems  to  lie  across  the  upturned  sandstone,  and  uj>on  the  gran- 
ite beyond.  It  is  probable  that  the  sandstone,  together  with  the 
granite  against  which  it  rests,  was  upturned  and  deepl}^  eroded  pre- 
vious tp  the  deposition  of  the  breccia. 

Owing,  no  doubt,  to  their  resemblance  in  color  and  texture  to  the 
Triassic  sandstones  o<!Curring  elsewhere,  these  two  formations  have 
been  referred  to  the  Trias.  Professor  Blake"  refers  to  them  briefly 
as  follows: 

Fonnations  of  the  Meeozoic  are  not  absent  in  southern  Arizona.  The  massive  red 
Kauilstones  north  of  Phoenix,  of  Tempe,  and  of  Mesa  in  Salt  River  Valley  are  referred 
ti)  the  Trias. 

In  fig.  17  I  have  attempted  to  show  in  a  general  way  the  relation  of 
Salt  River  Valley  to  the  great  continental  plateau.  It  is  probable  that 
the  sedimentary  formations  (pre-Camlu'ian  and  Carbon  if  eroujs)  form- 
ing the  escarpment,  and  the  mountain  ridge  at  the  Tonto  dam  site, 
formerly  extended  over  Salt  River  Valley,  and  wen*  carried  nway  by 
erosion  after  the  elevation  of  the  plateau.  In  that  ca.s<»  a  formation 
resting  in  contjict  with  the  pre-Cambrian  formations  of  the  valley  can 
scarcely  be  of  Triassic  age.  The  well-known  Triassic  of  Arizona  is 
found  on  the  top  of  the  plateau,  being  thus  el(»vated  when  th(»  plateau 
was  raised.  If  the  supp<xsition  is  correct  that  the  low-lying  area 
beyond  the  edge  of  the  plateau,  of  which  Salt  River  Valley  is  a  i)art, 
is  in  large  measure  due  to  degradation  sul)se(|U(»nt  to  the  elevation  of 
the  plateau,  any  formation  resting  on  that  d(»gnided  surface  must  be 
later  than  the  period  of  degradation.  Tin*  elevation  of  the  plateau 
l)egan,  so  far  as  known,  at  the  end  of  the  Cretaceous  ]>erio(l.  A  long 
period  of  erosion  must  have  elapsed  suhse(ju(uit  to  the  el(»vation  of 
the  plateau  before  the  sandstone  and  lireccia  were  laid  down.  For 
these  reasons  the  breccia  is  thought  to  he  not  older  than  late  T(»rtiarv, 
and  may  indeed  be  equivalent  to  the  (Hla  conglomerate,  which  (Tin)ert 
regards  as  earlv  Quaternary.     Beyond  the  suggestion  that  the  sand- 

oBlake,  William  P.  Some  salient  fttituros  in  the  geology  of  Arizona  witii  evidences  of  sliallow  seas 
in  Paleozoic  Umes;  Am.  Geol.,  March,  1901,  p.  ifWi. 
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stoDo  and  ))r(H*oia  may  l>o  phases  of  a  single  accumulation,  the  age  of 
tho  sandstone  must  remain  an  oi)en  question. 

t)ud^inj(  from  the  eharaeter  of  the  l)rcccia  and  its  relation  to  older 
rocks,  there  is  little  doubt  that  it  is  due  to  upland  accumulations. 
The  size  of  some  of  the  j^ranite  })loeks — many  of  them  several  feet  in 
diameter — indicates  that  action  was  violent  and  granite  highlands  not 
far  distant  when  the  l)reccia  was  formed.  In  general  character  the 
breccia  closely  reseml)les  the  (lila  conglomerate  of  Gilbert.  On  the 
other  hand  it  is  evident  from  the  renmants  left  in  the  vallej"  that  this 
breccia  fornu^rly  had  a  wide  areal  distribution  and  that  the  greater 
part  of  it  has  been  carried  away.  All  things  considered  it  seems  pref- 
enible  to  refer  the  formations  exposed  at  Tempe  tentatively  to  late 
Tertiar}'. 

TERTIARY    LAVAS. 

Eruptive  rocks  occur  within  Salt  River  Valley  in  liell  Butte  (see  PL 
XIII,  .1),  Tempe  Butte,  and  a  line  of  small  buttes  north  of  Tempe. 
The  rock  from  Bt^ll  Butte  is  descriluHl  by  J.  E.  Spurr  as  follows: 

Huttc  KouthwcHt  of  Ti'iiiiK',  Ariz.:  Hornblt*ndo-i)yroxene-an(lesite,  fine  gained. 
Structure — tine  porphyritic.  PhoiUHTvsts  of  luile-browri  }>a.«altic  hornblende,  altered 
alon^  the  e<lp'j*  to  eah'ite  and  iron;  iweiuloniorphft"  of  cak'ite  and  iron  oxide  after 
pyroxene;  and  turbid  feldspar^•  wliieh  are  ahen'd  <'hiefly  to  eaU'ite,  indicating  their 
})elonjring  to  tlie  soda-liin(»  group.  The  ^roundinass  ij<  jrla.*».oy,  in  part  microlithic, 
and  shows  aUere<l  feldsparn,  ete.     Thi.«^  rook  is  hijjjhly  ahered. 

Ill  the  hills  surrounding  the  valley  occur  extensive  masses  of  erup- 
tive rock,  consisting  of  rhyolite,  andesite,  ba.^^alt.  volcanic  |?lass,  pearl- 
ite,  jish,  scoria,  etc.  The  most  extensive  mass  in  the  immediate 
environs  of  the  valley  is  found  in  the  Superstition  Mountains,  east  of 
Salt  River  Valley,  where  rhyolitic  Hows  and  beds  of  white  tuff  and 
ash  occur  to  an  aggre^^ate  thickness  of  scleral  thousand  feet.  The 
igneous  rocks  form  a  nearly  vertic4il  escarpment  rising  something  over 
5,000  feet  above  the  valley  Hoor  (PI.  XIII,  B), 

QUATEUXARY  FOUMATIOX8. 

Tlie  greater  part  of  the  area  represented  in  the  accompanying  geo- 
logic map  is  occupied  by  debris  which  is  here  designated  'Galley  till." 
It  is  unconsolidated  material,  accumulated  in  the  valleys  and  on  the 
gcMitler  slopes  of  the  hills.  Since  it  is  in  this  valley  till  that  the  under- 
ground water  occurs,  it  is,  so  far  as  this  report  is  concerned,  the  for- 
mation of  prime  imi)ortance  in  the  region.  An  understanding  of  proc- 
es.ses  of  accunmlation  now  in  operation  is  necessary  for  an  adequate 
understanding  of  certain  features  in  the  structure  of  the  valley  till. 
For  this  reason  nmch  that  properly  belongs  in  the  chapter  on  physiog- 
raphy is  given  in  this  connection. 
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A.     BELL  BUTTE.   NEAR  TEMPE. 
A  lava  butte  pnrtly  buried  by  valley  Ml. 


/?.     NORTH    END   OF   SUPERSTITION    MOUNTAINS. 
A  liva  promontory  risirg  Above  the  dvtntal  p  am  of  Salt  River  Valley. 
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VALLEY  FILL. 

At  Mount  ^McDowell  Salt;  Ri^er  emerges  from  the  narrow  canyon 
by  which  it  pKUJse«  throu*gh  thf5'Suj>eTJ.titL&ii  Mountain8  and  enters  the 
broad  bottom  lands  known  a«  Salt  Rivet*  Valie4\.  (Mount  McDowell 
stand^^  at  the  head  of  what  is  termed  the  '•vftlley'"  ifl.'tllLiVjM»per.) 
Smietime  ago  it  ^'as  proposed  to  construct  a  dam  across  ifie*  t  »^ikle  ' 
River  near  its  junction  with  Salt  River  at  Mount  McDowell,  and  a 
series  of  l>orings  was  made  across  the  canyon  to  ascertain  the  depth 
to  Ijed  rock-       From  the  records  of  these  horings  a  cross  s<»ction  of  the 
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Fig.  1*2. — CroHs  section  of  Vtitlt*  Valley  near  Mount  Mcr>owell,  Arizona. 

ancient  or  filled  canyon  of  the  Verde  is  constructed  (tig.  12),  showing 
that  the  valley  has  l)een  tilled  to  a  depth  of  at  least  Ho  feet.  This  val- 
ley fill  is  composed  of  waterworn  material,  similar  to  that  found  in 
the  river  bed  and  throughout  the  valley  at  the  pn^sent  time.  This 
section  ma}"  be  tjiken  as  illustrative  of  the  general  structure  of  Salt 
Kiver  Valley.  The  valley,  veiy  much  deep(»r  in  past  ages  than  it  is 
now,  has  been  tilled  to  its  present  level  by  fragmentary  mat(M*ial. 


STUUCTURK. 

The  region  known  as  the  Mesa  is  at  the  eastern  extremity  of  the  valley, 
lying  about  25  feet  higher  than  the  bed  of  t\w  river.  The  l)luffs  form- 
ing the  edge  of  the  Mesa  are  composed  of  riv(*r  gnivels  and  bowlders 
similar  to  those  found  in  the  present  river  bed  (see  PI.  IV,  .1).  It  is 
evident  that  the  Mesa  gravels  were  deposited  by  Salt  Riv(»r,  and  that 
because  of  some  subsequent  change  in  the  abrasive  force  of  the  river, 
caused  perhaps  by  a  slight  elevation  of  th(;  surface,  the  river  has  cut 
into  its  former  deposit  to  a  depth  of  at  l(»ast  25  feet  near  M(isa.  How 
nuich  deeper  it  cut  remains  unknown.  The  well  at  the  creamer}-  near 
Tempi*,  described  in  the  former  chapter,  seems  to  be  entirely  in  the 
recent  material,  though  this  can  not  be  confidently  stated.  This  degra- 
dation occurred  over  a  strip  1  to  2  miles  wide.  The  degraded  area  was 
again  covered  with  d6bris  forming  th(»  lowlands  found  along  the  river 
in  the  Mesa  region.     No  deep  wells  have  penetrated  the  more  recent 
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deposits  of  the  lowlands  in  the  Mesa  region  in  localities  suitable  to 
indicate  the  depth  of  these  deposits.  Shallow  wells  dug  to  a  depth  of 
about  50  feet  seem  to  be  wholly  in  the  recent  deposits,  indicating  that 
the  erosion  which  forrijed.thlg  JS&s^'blirffs  must  have  lowered  the  river 
bed  at  l^^t^iJQ  feet  berieaQi"  itSs  present  elevation. 
.•Tbe  tVo-gisCv^f  teri'anes  differ  but  slightly.  Their  constituents  are 
tH^  sartie,  but  the  younger  accumulations  are  notably  less  cemented. 
Wells  sunk  in  them  are  the  most  productive  wells  in  the  region  because 
of  the  readiness  of  movement  of  their  ground  watei*s.  In  the  Mesa 
region  the  younger  gravels  are  easily  distinguished  from  the  older 
on  account  of  the  former  being  confined  between  bluffs  of  the  older 
material.  But  at  Tempe  and  throughout  the  Phoenix  region  the 
younger  gmvels  cover  the  older  and  their  distribution  can  l>e  judged 
only  from  the  well  recoixls.  The  relations  of  the  two  series  of  accumu- 
lations are  shown  in  sections  AB  and  CD  of  PI.  XIX,  and  in  the  cross 
section  near  Phoenix  (PI.  XXI). 

MATP^RIAL. 

The  valley  fill  is  composed  of  more  or  less  irregular  lenses  of  clay, 
silt,  sand,  gravel,  wash,  and  bowlders.  These  are  arranged  in  a  most 
erratic  manner,  the  character  of  the  beds  changing  rapidly  both  ver- 
ticall}'  and  horizontjilh^  as  indicated  by  the  well  records. 

This  material  may  be  divided  for  convenience  of  description  into 
(1)  river  debris,  (2)  sheet  witsh,  and  (3)  chemical  precipitate. 

RIVER    DEBRIS. 

In  the  present  river  bed  are  found  bowlders  and  gravel  of  quartzite, 
(^uartz,  chert,  granite,  gneiss,  and  various  kinds  of  eruptive  rock. 
The  quartzose  materials  greatly  predominate,  owing,  no  doubt,  to  their 
enduring  character.  Bowlders  occur  with  a  maximum  diameter  of 
about  2  feet.  A  comparison  of  the  material  found  in  the  river  bed  at 
the  present  time  with  the  older  material  found  in  the  exposed  bluffs 
along  the  river  and  in  the  numerous  wells  throughout  the  valley  indi- 
cates that  for  the  most  part  the  valley  fill  was  derived  from  the  same 
sources  from  which  the  present  river  gravels  are  derived,  namely,  the 
formations  along  the  upper  reaches  of  Salt  River. 

SHEI-rr    WASH. 

The  term  wash  is  used  in  this  n^gion  with  at  leitst  four  meanings, 
more  or  less  separate  and  distinct: 

(1)  The  stream  courses  occupied  b}'  water  onl}^  in  times  of  heavy 
rainfall,  called  arroyos  in  other  parts  of  the  West,  are  here  called 
washes. 

(2)  Many  of  the  dry  stream  courses  having  their  origin  in  the 
mountains  are  well  defined  for  a  greater  or  less  distance  after  emer- 
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ging  from  the  mountainH,  but  finally  disappear  on  the  plain,  leavinf^ 
no  trace  of  a  definite  course.  During  times  of  flood  the  waters  spread 
in  a  broad,  thin  sheet  over  the  plain.  The  largest  floods  gnidually  find 
their  way  to  the  rivers,  not  by  way  of  channels,  for  there  are  none, 
but  by  a  broad  wa8h  over  the  even  surface  of  the  gently  sloping  plain. 
In  most  cases,  however,  the  watei*s  never  reach  the  river,  l)ut  are 
al)$orbed  by  the  sands  and  gravels  of  the  valley  floor  and  disappear 
completely  from  the  surface.  The  broad  sheet  of  yvat<»r  thus  sweeping 
over  the  surface  is  called  a  sheet  wash. 

(3)  The  material  brought  from  the  hills  by  the  streams,  many  of 
them  of  considerable  size— as,  for  example.  Queen  Creek  and  C/ave 
Creek — is  deposited  as  a  broad  fan,  so  broad  and  low,  in  fact,  that  it 
is  scarcely  separable  from  the  general  valley  fl(K)i\  Queen  Creek  has 
a  well-defined  course  for  al)out  50  miles,  and  Cave  Creek  one  some- 
what longer.  During  floods  a  large  amount  of  debris  is  deposited 
along  these  stream  couraes  and  is  locally  known  as  wsish.  The  mate- 
rial in  which  wells  have  been  sunk  is  sometimes  described  as  ''Queen 
wash"  or  ''Cave  wash,"  etc. 

(4)  A  fourth  meaning  of  the  term  is  closely  allied  with  the  third, 
and  yet  distinct  enough  to  demand  separate  mention.  The  sudden 
heavy  showers  so  characteristic  of  Arizona  are  too  well  known  to 
require  explanation.  If  a  so-called  cloud-burst  occurs  in  the  hills  near 
the  edge  of  the  valley  the  small  stream  courses,  flcKxlcd  to  overflowing, 
discharge  their  debris-charged  waters  upon  the  gentUM*  slojw  of  the 
valley  floor,  where  all  definite  stream  courses  disappear.  Should  a 
channel  by  chance  become  established,  the  checked  velocity  of  the 
water  on  the  gentler  slopes  of  the  valley  floor  soon  causes  it  to  l)ecome 
choked  and  to  be  deflected  and  join  that  of  the  neighl)oring  streams. 
The  result  is  that  flood  waters  from  the  hills  move  more  or  less  in  a 
sheet  over  the  valley  floor  until  they  disappear  Iwneiith  the  surface. 
The  loose  material  from  the  hillsides  is  thus  brought  to  the  valley  and 
distributed  somewhdt  evenly  over  the  surface.  Cloud-bursts  which 
take  place  over  the  valley  produce  the  sheet  floods  on  a  smaller  sciile. 
The  material  thus  brought  from  the  hills  and  distributed  over  the 
valle}'  is  called  also  sheet  wash. 

The  term  wash,  therefore,  applies  (1)  to  a  dry  stream  course, 
(2)  to  water  moving  in  the  form  of  a  thin  sheet  over  the  plain,  (3) 
to  the  nmterial  deposited  by  an  intermittent  stream  near  the  base 
of  the  mountains  in  the  form  of  a  fan  or  dry  delta,  and  (4)  to  the 
accumulations  of  detrital  material  working  slowly  from  the  hillsides, 
iis  a  more  or  less  evenly  distributed  sheet. 

It  is  not  difiicult  to  understand  how  the  washes  can  cause  large 
quantities  of  debris  to  accumulate  near  the  hills.  But  in  the  midst  of 
the  plain,  miles  from  the  hills,  the  sheet  flood,  as  a  geologic  agent, 
might  seem  so  unimportant  as  to  be  negligible.     The  heavy  showers 
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occur  but  seldom  and  affect  a  very  limited  area  at  any  one  time.  It  is 
probable  that  scores  of  years  ma\'  intervene  l^etween  two  showers 
sufficiently  heavy  to  produce  sheet  Hoods  at  anv  given  point,  and  yet 
the  writer  is  of  the  opinion  that  the  sheet  flood  is  a  factor  which  can 
not  be  neglected  in  the  adequate  explanation  either  of  the  valley  fill 
or  of  the  underground  water  contained  in  this  fill. 

As  the  arkose  works  its  way  down  the  mountain  slopes  and  spreads 
over  the  surface  of  the  plain,  the  coarse  material  naturally  accumulates 
near  the  foot  of  the  parent  inoimtain,  while  the  finer  material  is  car- 
ried farther  out.  The  sorting,  however,  is  not  carried  on  to  anything 
like  the  extent  observed  in  the  case  of  regular  streams.  In  many 
cases,  indeed,  the  floods  are  so  tumultuous  that  coarse  and  fine  materials 
alike  are  carried  forward  and  piled  in  confusion.  In  the  less  violent 
floods  the  coarse  material  accumulates  near  the  hills.  This  fact  is  of 
the  utmost  importance  in  furnishing  an  explanation  of  certain  phe- 
nomena connected  with  the  underground  waters  of  the  valley. 

The  sheet  wash  is  apt  to  differ  from  the  stream-carried  debris  in 
bearing  less  evidence  of  the  recognized  action  of  running  water.  The 
water  wear  and  sorting  are  at  a  mininnun.  When  there  is  water 
enough  to  move  any  of  the  material  of  the  wash,  there  is  likely  to  be 
enough  to  move  coarse  and  fine  alike.  The  result  is  an  accumulation 
of  silt,  cla3%  sand,  and  gravel  commingled  in  every  conceivable  propor- 
tion. The  gravels  are  usually  angular,  although  some  are  slightly 
water  worn.  Near  the  granite  hills  the  wash  is  composed  of  the  coarse, 
angular  products  of  the  partial  decomposition  of  the  granite,  pre- 
viously described.  When  the  feldspars  are  decomposed  to  such  an 
extent  that  they  do  not  easily  retain  their  original  form,  the  material 
is  locally  known  as  ''talc"  or  ''soapstone"  (not  to  be  confused  with 
true  talc  and  soaps  tone). 

At  Desert  well  the  wash  covering  the  surface  is  at  least  180  feet 
thick,  and  no  other  material  except  a  few  feet  of  siind  is  found  through- 
out that  thickness.  The  348-foot  well  of  the  Valley  Seedless  Grape 
Company,  near  the  eastern  end  of  the  Salt  River  Mountains,  is  in 
granitic  wash  throughout  most  of  its  depth  and  at  the  bottom  pene- 
trates solid  granite.  In  many  places  the  wash  from  the  hills  gives 
character  to  the  topography  over  wide  areas.  Southwest  of  the  Super- 
stition Mountains  the  surface  of  the  desert  over  an  area  of  something 
like  300  square  miles  is  composed  of  wash  from  these  mountains.  The 
small  stream  courses  from  the  mountains  soon  disappear  in  a  regularly 
inclined  desert  surface  which  is  practically  wanting  in  even  the  smallest 
stream  courses. 

Queen  Creek,  which  may  be  taken  as  a  type  of  the  streams  that 
enter  the  valley  from  the  neighboring  mountains  and  disappear  on 
the  valle}'  floor,  illustrates  the  manner  of  accumulation  of  wash.  It 
has  a  drainage  area  of  about  143  square  miles  in  the  mountainous 
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district  northeast  of  Florence,  andjts  course  is  traceable  in  a  dis- 
tinct channel  for  a  distance  of  over  40  miles,  but  on  entering  the 
valley  the  waters  soon  sink  from  view  into  the  sands  and  gravels 
of  the  floor,  leaving  the  bed  dry  except  in  times  of  flood.  A  few  miles 
below  the  dam  site  at  Whitlow's  ranch  the  creek  emerges  from  the 
hills  upon  the  sloping  plain  of  the  valley,  and  thence  to  the  end  of  its 
course  follows  no  well-defined  depression  or  valley.  From  Whitlow's 
ranch  to  the  end  of  the  course  near  Andrada  well  the  creek  bed  has 
a  fall  of  about  665  feet,  making  an  average  gradient  of  28  feet  to  the 
mile,  which  above  the  ranch  is  still  higher.  With  such  a  gradient 
it  is  evident  that  during  times  of  flood  great  quantities  of  debris 
must  be  swept  from  the  hills.  The  floods  are  in  part  checked  as 
they  enter  the  plain  and  in  part  lost  by  sinking  into  the  gravels, 
and  the  debris  is  deposited,  building  up  the  course  of  the  stream. 
The  result  is  that  numerous  channels  occur  side  by  side,  more  or  less 
connected  by  crosscuts  forming  a  network  of  interlacing  courses.  A 
second  result  is  that  along  the  lower  reaches  of  its  course.  Queen 
Creek  has  built  up  a  fan  or  dry  delta  above  the  surface  of  the  sur- 
rounding plain.  A  similar  fan  has  been  built  by  Cave  Creek,  the 
lower  reaches  of  which  are  within  the  area  covered  by  the  detailed 
topographic  map  of  Salt  River  Valley.  The  deflection  of  the  contours 
south  of  Cave  Creek,  as  shown  on  this  map,  is  due  to  the  general 
elevation  of  the  land  surface  in  that  region  caused  by  the  Cave  Creek 
fan.  North  of  Sacaton  Mountains  Queen  Creek  branches  into  numer- 
ous forks  or  distributaries  and  is  eventually  lost  in  the  general  surfac*e 
of  the  plain.  From  this  point  to  the  Gila  River,  a  distance  of  about 
15  miles,  there  is  no  stream  channel.  Floods  large  enough  and  lasting 
enough  to  reach  the  Gila  pass  over  this  last  15  miles  as  sheet  washes. 
These  washes  are  said  to  vary  from  a  few  inches  to  2  feet  in  depth  and 
the  water  is  so  loaded  with  silt  and  floating  vegetation  that  it  works 
its  way  slowly  over  the  plain  without  excavating  channels  even  where 
the  slope  is  comparatively  steep. 

It  is  seldom,  however,  that  floods  occur  of  sufiicient  size  and  dura- 
tion to  reach  the  Gila,  being  more  often  lost  in  the  valley  fill  long 
before  reaching  that  river.  The  amount  of  water  which  thus  sinks 
beneath  the  surface,  together  with  the  intermittent  character  of  the 
flow,  is  well  shown  in  the  accompanying  table  and  diagram  (tig.  13)  taken 
from  the  paper  on  Irrigation  near  Phoenix,  Ariz.,  by  A.  P.  Davis. ° 

"  Davifl.  A.  P.,  Irrigation  uear  Phoenix,  Ariz.:  Water-Sup.  and  Irr.  Paper  No.  2.  U.  S.  Geol.  Survey, 
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llftiimiU-il  iiHuttftiff  liim'hiriff  *»/  Qiurii  i^rri'k^  ir/n7/«ir'ii  nrnrA,  Arisona,  in  IS96. 
(DililiiiiKt'  iirtii,  14»  M|iwn*  inllcM.] 
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Kni.  i;{. — Paily  diM-liKn,'!'  of  c^iu-cti  Trrt'lc. 

Robert  HowiMi.  wlio  owns  a  iiinch  about  0  miles  oast  of  Harrington 
well,  on  Queen  Creek,  pointed  out  to  nie  certain  fields  which  were 
flooded  a  few  months  j)revious  to  my  visit.  There  are  ♦>  channels  at 
this  point,  viirvinjr  from  a  few  feet  to  about  1(H)  feet  in  width.  In 
order  to  ttoinl  the  fields  in  <|uestion  the  water  in  these  channels  must 
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have  had  a  depth  of  at  least  5  feet.  Mr.  Bowen  states  that  at  the 
Harrington  ranch,  0  miles  downstream,  there  was  not  enough  water 
to  fill  certain  irrigation  ditches  which  had  been  prepared  for  the 
diversion  of  flood  waters.  Hei*e  then  is  a  specific  case  of  a  flood  of 
somewhat  notable  volume  that  sank  into  the  sands  and  gravels  of  the 
valley  fill  within  a  distance  of  about  6  miles. 

CHBMICAL   PRKCIPITATE8. 

Caliche. — In  nearly  every  well  of  the  valley  a  substance  is  encount- 
ered, in  greater  or  less  quantity,  which  is  commonly  known  as  cement 
or  hardpan.  This  material  is  also  known,  though  less  generally,  as 
caliche,  and  has  been  described  by  Prof.  W.  P.  Blake,'*  of  the  Uni- 
versity of  Arizona,  who  says: 

In  southern  Arizona  and  in  Mexico  the  word  caliche  is  in  general  use  to  denote  a 
calcareous  formation  of  considerable  thickness  and  volume  found  a  few  inches,  or 
a  few  feet,  beneath  the  surface  soil,  upon  the  broad,  dry,  gravelly  plains  and 
mesas.     *    *    * 

Caliche  has  a  wide  distribution  in  the  regions  of  Arizona  and  Mexico.  It  is  usually 
hidden  from  view  by  a  slight  covering  of  soil,  but  it  is  easily  found  by  digging,  and 
is  often  revealed  by  a  flow  of  water  during  heavy  rains.  It  is  practically  a  continu- 
oas  sheet,  from  3  to  15  feet  thick,  of  earthy  limestone  or  travertine,  through  which 
the  smaller  plant  roots  find  their  way  with  difficulty.     *    *    ♦ 

The  top  of  the  caliche  is  more  dense  and  solid  than  the  lower  portions.  The  sur- 
face of  this  crust,  or  layer,  is  comparatively  smooth,  though  undulating,  while  the 
lower  portions,  under  the  crust,  are  irregular,  favernoun,  earthy,  and  very  porous, 
blending  gradually  with  the  materials  of  the  sandy  and  gravelly  l^eds,  from  which 
they  are  divided  by  no  sharply  defined  plane  of  stratification  or  separation.  The 
caliche  invests,  surrounds,  and  includes  sand  grains,  gravels,  and  more  or  less  earthy 
material,  but  seems  to  have  had  the  power,  e8i)ecially  in  its  upper  crust,  of  extrud- 
ing the  coarse  materials  of  the  soil  to  a  great  extent. 

The  deposit  does  not  form  a  regular  horizontal  bed  conformable  with  the  nide 
stratification  of  the  gravels  and  sands,  but  conforms  roughly  with  the  general  surface, 
rising  and  falling  with  the  undulations  of  the  mesa.  There  are,  in  places,  repetitions 
of  the  compact  layers,  separatee!  by  a  few  inches  of  the  amorphous  and  more  earthy 
deposit    *    *    * 

Close  observation  detects,  in  some  places,  small  perforations,  like  pin  holes,  at  the 
top,  which  enlarge  gradually  below  and  i)enetrate  the  entire  compact  crust,  l)ecom- 
ing  lost  in  the  irregular  amorphous  granular  mans.     *    ♦    * 

The  caliche  is  an  example  of  deposition  indejiendent  of  the  influence  of  organic 
agencies.    *    *    * 

In  chemical  composition  the  caliche  is  essentially  a  lime  car})onate,  but  contains 
sonie  calcium,  magnesium,  and  aluminum  silicates,  a«?  more  fully  shown  by  the  result 
of  an  analysis  made  by  my  assistant,  Mr.  J.  S.  Mann,  in  the  laboratory  of  the  Arizona 
S(!hooi  of  Mines: 

a  Blake,  William  P.,  The  caliche  of  southern  Arizona:  Trans.  Am.  In»t.  Min.  Eng.,  vol.  31, 1901,  p. '220. 


108       UNDBUGROUND   WATERS   OF   SALT   RIVER    VALLEY.       [no.  136. 

Analym  of  Arizona  caliclu. 

Calcium  carbonate  (CaCO,) 72.28 

Magnesium  carbonate  (MgCJO,) 2. 13 

4J^Ucium  silicate  (CaSiOs) -,•----  ^-^^ 

Aluminum  silicate  ( AlSiOj) 7. 37 

t'erric  oxide  (FcjO,) .1....  1.88 

Moisture  (H,0) .J....  1.20 

Total '1...  96.43 

This  caliche,  unlike  the  deposits  of  travertine  formed  in  the  oi)en  air,  is  not  suf- 
ficiently compact  and  solid  to  be  useful  in  construction,  as  was  the  travertine  of 
ancient  Rome.  When  i^alcined  it  yields  good  caustic  lime,  which,  tempered  with 
sand,  makes  a  strong,  quick-setting  mortar  or  cement.  It  is  quarried  and  used  for 
this  purpose  in  some  places.  Occurring  as  it  does  in  mixture  with  gravel  and  sand, 
it  has  the  appearance  of  an  artificial  mixture.    *    *    * 

After  describing  local  conditions  and  giving  the  analyses  of  water 
from  7  wells  near  Tucson,  which  indicate  that  the  underground  waters 
cx)ntain  the  principal  elements  found  in  caliche,  Professor  Blake  adds: 

There  has  been  much  speculation  in  regard  to  the  origin  of  the  caliche.  It  has 
lieen  generally  assumed  to  be  a  deposition  from  some  ancient  lake,  or  body  of  water, 
once  covering  the  area  in  which  it  is  found.  But  such  a  theory  is  untenable  when 
all  the  phenomena  are  considered.  The  formation  is  clearly  the  result  of  the  upward 
capillary  flow  of  calcareous  water,  induced  by  constant  and  rapid  evaporation  at  the 
surface  in  a  comparatively  rainless  region. 

With  a  constant  supply  of  phreatic  calcareous  water,  the  second  great  essential 
factor  in  the  formation  of  caliche  is  the  continued  desiccating  atmosphere — a  condi- 
tion w^hich  prevails,  with  only  short  and  temporary  exceptions,  through  the  year. 
The  desert  and  semidesert  regions  of  Arizona  are  characterized  meteorologically  by 
the  unusual  dryness  of  the  air  and  its  capacity  for  the  absorption  of  moisture  and  by 
the  maintenance  of  continued  evaporation  from  the  soil,  which  determines  a  constant 
upward  movement  of  the  phreatic  water.  The  occai^ional  rains  in  midsummer  and 
midwinter  do  not  penetrate  to  great  depths,  but  are  sufficient  to  leach  out  the  soil  to 
the  depth  of  a  few  inches  or  feet,  turning  the  calcareous  sohition  back  and  down- 
wanl  and  producing  the  denser  upper  crust,  where  it  meets  the  upward  flow. 

Such  1  (ronceive  to  be  the  origin  of  the  caliche.  It  may  l)e  called  a  subterranean 
deposit  of  travertine;  but  it  is  not  the  result  of  a  flow  from  springs  or  from  any 
source  at  the  surface,  or  from  the  lateral  movement  of  water.  Unlike  ordinary 
travertine,  it  is  the  result  not  of  descending  but  of  ascending  currents.  The  ordi- 
nary conditions  of  vadose  circulation  are  reversed.  The  caliche  is  a  flne  example 
of  the  formation  of  extensive  calcareous  strata  in  the  midst  of  preexistent  l>eds,  not 
by  metasomatic  processes,  but  by  precipitaton  from  sources  below. 

To  Professor  Blake's  description  I  would  add  that  caliche  occurs  in 
var\'ing  degrees  of  purity  and  that  any  consolidated  layer  is  locally 
known  as  cement.  When  caliche  is  not  mix^d  with  a  considerable 
amount  of  foreign  material  it  may  become  very  compact,  resembling 
a  fine-grained  limestone,  and  sometimes  causes  nmch  diflSculty  in 
sinking  wells  through  it.  Several  cases  are  on  record  where  wells 
were  abandoned  because  the  casing  caught  on  a  cement  layer  and  could 
be  forced  no  farther. 
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A  sand  or  gravel  bed  cemented  with  this  material  often  becomes 
impervious  to  water.     The  confining  strata  above  the  water  in  nearly 
all  th«^wells  of  Salt  River  Valley,  where  water  is  found  under  pre»«^ 
sure,  cmitain  more  or  less  caliche  in  the  form  of  a  cementing  material 

It  wSl  be  noted  that  according  to  Professor  Blake's  interpretatiott 
the  caliche  is  due  to  the  deposition  of  compounds  gathered  from  sonoe 
outside  source  and  brought  in  solution,  through  underground  pas- 
sages, to  the  region  where  they  are  deposited  through  the  agency  of 
surface  evaporation.  Applying  this  explanation  to  the  origin  of  the 
caliche  layers  in  the  valley  fill  of  Salt  River  Valley,  it  is  evident  from 
the  analyses  of  waters  already  given  and  from  the  rocks  previously 
described,  which  furnish  by  their  decomposition  the  elements  brought 
into  the  valley  b}'^  the  waters,  that  all  elements  necessary  for  the  for- 
mation of  caliche  are  present.  The  prevalence  of  caliche  at  or  near 
the  surface  strengthens  the  postulate  that  the  surface  is  its  natural 
place  of  formation.  Since  the  valley  till,  as  explained  elsewhere,  is 
due  to  the  gradual  filling  of  the  valley  by  debris  shed  from  the  hills, 
each  horizon  throughout  its  depth  has  at  some  former  time  been  the 
surface.     Hence  the  presence  of  caliche  bands  at  all  horizons. 

It  should  be  noted,  however,  that  bicarbonates  are  present  in 
nearly  all  the  waters  of  the  valley.  A  relief  of  pressure  alone  is  suf- 
ficient under  certain  conditions  for  the  escape  of  carbon  dioxide, 
which  causes  the  bicarbonates  to  change  to  the  comparatively  insol- 
uble carbonates,  which  are  then  readily  deposited.  It  is  entirely  pos- 
sible, therefore,  that  the  deposition  of  caliche  may  take  place  at  some 
depth  beneath  the  surface,  in  fact  at  any  depth  where  the  pressure 
upon  water  containing  bicarbonates  in  solution  is  sufiiciently  relieved 
and  oppoi-tunity  given  for  the  escape  of  the  gas. 

The  postulate  that  caliche  is  in  some  cases  at  least  deposited  without 
the  influence  of  surface  evaporation,  is  strengthened  by  the  observa- 
tion of  uneven  porous  structures  on  the  under  side  of  caliche  layers. 
This  strongly  suggests  the  deposition  of  caliche  beneath,  after  the 
impervious  layer  had  been  formed.  A  lowering  of  the  water  table 
during  dry  cycles,  such  as  are  known  to  occur,  would  naturally  leave 
beneath  a  caliche  layer  which  had  b(ien  formed  near  the  surface  a 
space  occupied  by  loose  gravels,  no  longer  filled  with  water  as  before. 
The  caliche  layer  would  prevent  any  great  amount  of  evaporation,  but 
probably  would  not  prevent  relief  of  pressure  upon  the  water  in  the 
gravels  beneath.  A  relief  of  pressure  might  cause  a  loss  of  carbon 
dioxide  and  result  in  deposition  of  the  invsoluble  cp^rbonates. 

A  case  in  hand  is  found  at  the  Murphy-McQueen  pumping  plant 
(see  p.  12).  Beneath  the  13  feet  of  soil  at  the  surface  coarse  gravels 
and  bowlders  occur  to  a  depth  of  34  feet.  The  material  in  the  upper 
13  feet  is  free  from  any  notable  amount  of  caliche,  while  the  loose 
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gravels  and  bowlders  are  more  or  less  cemented.  The  bowlders  are 
encased  somewhat  uniformly  in  a  white  crust  of  caliche,  often  thick 
enough  to  unite  them  into  resistant  masses;  the  cementing  is  irregu- 
lar, however,  uncemented  portions  being  found  throughout  the  mass. 
Accepting  the  postulate  of  surface  formation  of  caliche  through 
the  agency  of  evapomtion,  the  soil  above  should  be  cemented.  This 
is  not  the  case.  On  the  other  hand,  accepting  the  postulate  of  deposi- 
tion of  this  caliche  at  some  former  time  when  the  bowlders  were  at  the 
surface,  it  is  inconceivable  that  the  caliche  should  be  as  irregularly 
distributed  as  it  is.  It  is  known  that  there  has  been  a  lowering  of  12 
feet  in  the  underground  water  at  this  place  in  the  last  four  years. 
There  is  every  reason  for  believing  that  at  some  time  the  underground 
waters  filled  the  gravels  up  to  the  bottom  of  the  soil  layer,  and  that  a 
subsequent  fall  of  these  watera  from  the  soil  layer  left  a  bed  of  loose 
gravel  above  the  surface  of  the  underground  waters  where  these  waters 
were  not  onl}'  under  no  pressure  but  were  lifted  to  some  extent  among 
the  loose  gravels  by  capillary  action,  where  they  would  naturally 
deposit  their  contained  minerals  on  the  surface  of  the  gravels.  Cyclic 
oscillations  of  the  underground  water  would  distribute  this  action 
through  a  considerable  depth. 

On  the  other  hand,  caliche  is  present  on  the  hillsides  far  above  the 
reach  of  any  permanent  supply  of  underground  water.  It  is  found 
generally  along  the  slopes  of  the  hills  and  over  dry  plains  such  as  that 
in  the  vicinity  of  Desert  well,  where  no  underground  water  is  found 
within  hundreds  of  feet  of  the  surface.  (Water  is  found  at  a  depth  of 
212  feet  at  Desert  well  and  284  feet  in  the  Kleinman  well.)  Caliche 
found  at  the  surface  of  this  dry  plain  and  on  the  barren  hillsides  can 
scarcely  be  due  to  the  evaporation  of  water  which  can  in  any  sense  be 
called  an  underground  supply  as  postulated  by  Professor  Blake. 

A  somewhat  different  view  is  held  by  Prof.  R.  H.  Forbes,  director 
and  chemist  of  the  agricultural  experiment  station  of  Arizona,  who 
has  given  the  subject  considerable  study  from  a  chemical  standpoint. 
At  the  writer's  request  he  has  furnished  the  following  statement  of  his 
opinion: 

My  view  of  the  formation  of  caliche  is  that  in  this  n»pion  of  scanty  rainfall,  which 
penetrates  the  ground  from  a  few  inches  to  a  maximum  of  a  very  few  feet— say  3  or 
4^the  rain  water,  containing  a  small  amount  of  carbon  dioxide,  percolating  from  the 
surface  to  this  maximum  depth  of,  say,  3  feet,  dissolves  small  portions  of  calcium  and 
magnesium  bicarbonates  in  the  form  of  normal  carbonates,  leaving  in  course'  of  time 
a  layer  of  limy  hardpan  at  the  depths  to  which  it  j)enetrates.  The  large  amount  of 
siliceous  material  found  in  caliche  layers  indicates  also  that  colloidal  clayey  materials 
are  carried  down  mechanically  by  jx^rcolating  rainfall,  the  result  l)eing  the  mixture 
of  siliceous  calcareous  materials,  together  with  j)ortions  of  original  soil  in  situ,  which 
are  found  to  constitute?  nearly  all  of  our  caliche  layers.  The  <lifferent  layers  found 
at  different  de])ths  below  the  surface  mark  the  various  levels  whi(!h  for  geologic 
reasons  remained  constant  for  a  long  enough  period  of  time  to  permit  the  formation 
of  a  layer  of  caliche  just  below  the  surface  of  that  time.     I  have  noticed  also  that 
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igneous  rocks  at  the  base  of  hills  containing  calcareous  materials  are  often  coated  with 
a  thin  layer  of  calcareous  materials,  evidently  carrie<l  in  solution  in  carbonated  waters 
from  higher  levels  and  deposited  upon  these  nx^ks,  over  which  this  drainage  perco- 
lated, through  the  agency  of  evaporation,  aeration,  or  heat. 

It  should  be  noted  that  while  the  two  hypotheses  attribute  the  origin 
of  caliche  to  the  deposit  by  evaporation  of  salts  held  in  solution,  they 
differ  in  this:  Blake's  postulate  assumes  a  more  or  less  definite  under- 
ground flow  bringing  the  materials  from  a  distance,  while  Forbes's 
postulate  assumes  that  the  materials  are  taken  into  solution  at  the  sur- 
face through  the  agency  of  carbonated  rain  water,  held  in  solution  but 
a  short  time  near  the  surface,  and  deposited  by  evaporation  at  no  great 
distance  from  the  place  of  their  origin.  Each  postulate  seems  satis- 
factory in  certain  cases  and  unsatisfactory  in  other  cases.  It  seems 
probable  that  many  of  the  caliche  layers  of  Salt  River  Valley  have 
been  formed  from  the  carbonates  and  other  salts  held  in  solution  in 
the  underground  flow,  as  postulated  by  Blake.  It  seems  equally  evi- 
dent that  the  caliche  of  the  hillsides  and  the  dry  plains  has  been  formed 
in  some  such  manner  as  that  described  by  Forl)es. 

There  are  still  other  cases  where  deposition  of  caliche  evidently 
takes  place  in  subterranean  cavities  where  evaporation  can  have  little 
influence,  either  because  of  relief  of  pressure,  as  previously  suggested, 
or  from  some  other  cause  not  yet  recognized. 

Salts, — In  addition  to  the  caliche  considerable  quantities  of  the 
various  salts  found  in  solution  in  all  of  the  waters  of  the  valley  have 
been  deposited  in  the  valley  fill.  While  they  are  quantitatively  unim- 
I)ortant  from  a  geologic  stand^wint,  they  arc^of  the  greatest  importance 
in  influencing  the  character  of  the  water.  The  principal  salts  are 
sodium  chloride  (conmion  salt),  calcium  and  niagncsiuni  sulphates 
(hardness),  and  calcium  carbonate  (linn*).  The  salts  are  irregularly 
diffused  through  the  materials  composing  the  valley  fill,  and  their 
amount,  kind,  distribution,  etc.,  will  be  described  more  in  detail  in 
connection  with  the  chemical  character  of  the  waters. 

AGE   OF   THE   VALLEY    FILL. 

The  physiographic  relations  of  the  valley  fill  indicate  that  it  is  com- 
paratively young,  but  no  fossil  forms  have  been  found  in  any  of  the 
deposits.  As  already  indicated,  there  are  at  least  two  periods  of  accu- 
mulation represented  at  the  surface.  During  the  accunuilation  of  over 
1,3()0  feet  of  the  detrital  material  it  is  possible  that  tliere  were  more 
than  two  such  periods.  Good  exposures  are  wanting  in  Salt  River 
Valley,  but  similar  deposits  are  wid(»ly  distributed  over  western  Ari- 
zona, and  a  comparison  with  regions  where  the  recent  deposits  are 
better  exposed  seems  to  throw  light  on  the  question  of  age.  A  simi- 
larity in  the  succession  of  events  recorded  indicates  that  cerUiin  sur- 
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face  movements  have  been  somewhat  general  over  a  large  portion  of 
western  Arizona. 

The  Colorado  River  probably  furnisher  the  best  index  available  to 
the  general  surface  movements  of  the  Southwest.  In  an  examination 
of  northwestern  Arizona,  described  elsewhere,  the  author  noted  at 
numerous  points  a  series  of  tilted  and  partly  consolidated  conglomerates 
and  breccias,  overlain  by  more  recent  and  unconsolidated  sands  and 
gravels,  which  were  in  turn  dissected  and  overlain  by  a  third  series 
now  accumulating  to  form  the  present  lowlands  along  the  Colorado 
River.  The  older  series  is  extensive  both  in  thickness  and  areal  dis- 
tribution. Its  original  thickness  mast  have  been  at  le^st  2,500  feet, 
remnants  being  now  found  2,300  feet  above  the  river,  and  it  extends 
downward  to  some  unknown  depth  ])eneath  its  bed.  The  next  younger 
deposits  are  less  extensive,  and  the  youngest  form  the  present  flood 
plain. 

The  succession  of  events  recorded  in  these  deposits  as  well  as  in  those 
of  Salt  River  Valley  and  elsewhere  is  indicated  in  fig.  14.  The  original 
valley  (A)  was  filled  with  the  oldest  d(?bris  (H),  and  this  in  turn  was 
eroded  (C)  and  again  filled  with  the  second  accumulation  (D).  A  third 
stage  of  erosion  excavated  the  present  valley  (E),  and  the  deposits 
now  accumulating  are  represented  in  stage  F. 

A  similar  succession  of  events  has  been  noted  at  several  points  in 
Arizona,  notably  along  San  Pedro,  Santa  Cruz,  and  upper  Gila  rivers, 
and  in  Tonto  basin,  as  well  as  in  a  number  of  places  in  northwestern 
Arizona.  Near  Benson,  in  San  Pedro  Valley,  wells  have  penetrated 
the  valley  fill  to  a  depth  oT  about  800  feet  without  reaching  bed  rock. 

In  the  Tonto  ba«in  upland  deposits  of  at  least  two  periods  of  accu- 
mulation are  exposed.  The  older  is  a  coarse  breccia,  moderately  well 
consolidated  and  more  or  less  tilted  in  places  (PI.  XIV,  li).  This 
breccia  rests  upon  the  eroded  surface  of  the  older  formations  and  is 
deeply  dissected  in  places.  Against  this  tilted  breccia  rest  nearly  hori- 
zontal beds  of  more  recent  sediments,  which  are  in  turn  dissected,  large 
portions  of  them  having  been  carried  away  by  the  more  recent  action 
of  the  river  (PI.  XIV,  ^1).  Nothing  was  found  to  indicate  the  geologic 
age  of  either  deposit,  but  the  older  is  regarded  as  probably  represent- 
ing the  base  of  the  Quaternary. « 

There  have  been,  then,  since  the  original  formation  of  Tonto  basin 
at  least  5  separate  stages:  (1)  The  period  of  erosion,  which,  in  part 
at  least,  formed  the  basin,  corresponding  with  stage  A  of  fig.  14; 
(2)  a  period  of  accumulation,  during  which  the  breccia  just  described 
was  deposited,  this  period  corresponding  to  sUige  B;  (8)  a  period  of 

a  Gilbert,  G.  K.,  Report  on  the  geolojry  of  portions  of  New  Mexico  and  Arizona:  V.  S.  Geoj?.  Surv. 
W.  100th  Mer.,  vol.  3,  1K75,  p.  540. 

Hanmme.  F.  L.,  Geology  of  the  Globe  copper  district,  Arizona:  Viol.  Paper  V.  .S.  Geol.  Survey  No. 
12, 1903.  p.  57. 
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A.     CLAY   BANK   IN   TONTO  BASIN,   FROM   WHICH   CLAY  WILL  BE  OBTAINED 
FOR  CEMENT   IN  THE  CONSTRUCTION   OF  SALT  RIVER  DAM. 


li.     TILTED   BRECCIA   IN   TONTO  BASIN. 
Accumulation  represented  by  stage  B. 
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Fio.  14.— Diagrrammatlc  Illustration  of  valley  filling  and  erosion  in  central  and  western  Arizona. 
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erosion,  probably  inaiigui'ated  by  uplift  and  tilting,  in  which  the  brec- 
cia was  dis8ect<»d,  this  period  corresp<^nding  to  stajjfe  C;  (4)  a  period 
of  accumulation,  in  which  the  younger  sediments  of  the  basin  were 
deposited  on  or  against  the  dissected  breccia—stage  D;  (5)  a  period 
of  erosion,  the  present  stage  of  the  river,  during  which  the  present 
v^alley  has  been  excavated — stage  E. 

Since  the  same  succession  of  events  is  shown  to  the  west  of  Salt 
River  Valley  along  the  Colorado,  to  the  east  in  Tonto  basin,  to  the 
southeast  in  San  Pedro  Valley,  etc.,  it  is'^wssible  that  the  various 
stages  are  due  to  far  reaching  causes  affecting  Salt  River  Valley  in 
common  with  the  other  localities  named. 

The  older  mesa  gravels, of  Salt  River  Valley  may  represent  stage  B, 
while  the  younger  gravels  represent  stage  I)  and  the  present  river 
channel,  stage  E.  There  are  no  accunnilations  in  Salt  River  Valley, 
except  the  gravels  of  the  broad  l)ed  of  the  river,  which  can  be  com- 
pared to  the  accunuilation  of  stage  F.  The  similar  succession  of 
events  in  widely  seimrated  localities  is  suggestive  of  common  causes, 
but  no  definite  correlation  is  ix)ssible  at  the  present  time.  This  much, 
however,  can  be  stated  with  reasonable  confidence  -  the  valley  fill  is 
not  the  result  of  contiimous  aggmdation.  Periods  of  erosion  have 
alternated  with  periods  of  accunmlation. 

It  is  worthy  of  note  that  in  the  three  deepest  wells  of  the  valley — 
the  Murphy -McQueen  well,  1,305  feet;  the  Chandler  well,  705  feet; 
and  the  Thomas  Murphy  well,  8t)5  feet — a  considerable  thickness  of 
clay  or  other  fine  material  occurs  beneath  the  coarse  detritus.  In  the 
Murphy-McQueen  well  this  material  is  described  as  '* chalk  rock''  and 
''talc."  The  writer  has  seen  a  small  portion  of  the  material  taken 
from  the  1,305- foot  level.  It  consisted  of  clay  contiiiniug  a  few  quartz 
pebbles.  The  clay  from  the  bottom  of  the  Thomas  Murphy  well  is 
very  plastic  and  contains  no  fragments  of  foreign  material.  The  cla\' 
apparently  lies  underneath  the  breccia.  Little  more  is  known  of  the 
lower  horizons  of  the  valley  fill.  The  material  of  the  upper  horizons, 
so  far  as  known,  is  evidently  due  to  upland  accumulation.  For  this 
reason,  and  because  of  the  want  of  definite  information  concerning  the 
lower  horizons,  the  whole  thickness  of  the  valley  fill  has  been  assumed 
to  originate  in  the  same  way.  What  little  is  known  of  the  lower 
horizons  suggests  the  possibility  of  lacustrine  origin.  The  occurrence 
of  the  clay  underneath  the  breccia  near  Phoenix  suggests  that  the  clay 
beds  encountered  in  the  Mesa  region  may  be  notably  older  than  the 
detrital  material  above.  In  that  case  the  lower  part  of  the  valley  fill 
may  be  of  Tertiary  age,  and  a  thickness  of  only  a  few  hundred  feet  at 
the  top  may  belong  to  the  Quaternary. 
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SURFACE   MOVEMENTS. 

There  is  abundant  evidence  that  changes  in  surface  elevation  have 
taken  place  in  and  about  Salt  River  Valley  in  comparatively  recent 
times. 

(1)  The  immense  deposits  of  upland  accumulation  in  this  region  are 
test  explained  as  due  to  subsidence  of  the  surface.  The  general 
occurrence  of  upland  accumulations  of  debris  throughout  western 
Arizona  and  southern  California  suggests  that  the  same  cause  affected 
wide  areas.  It  is  probable  that  these  accumulations  are  in  part  due 
to  desiccation  of  the  climate.  There  is  abundant  evidence  that  in 
former  ages  streams  of  considerable  size  occupied  valleys  which  are 
now  dry.  However  much  desiccation  of  the  climate  may  have  caused 
a  diminution  of  streams  and  consequent  deposition  of  debris  in  valleys 
which  were  formerly  swept  clear  by  these  streams,  it  can  not  wholly 
account  for  this  accumulation. 

The  present  surface  elevation  at  Mesa  is  about  1,200  feet.  The  deep 
well  at  Mesa — 1,305  feet — extends  about  100  feet  below  sea  level  and 
does  not  reach  bed  rock.  It  is  obvious  that  at  this  point  the  surface 
must  have  been  at  a  greater  elevation  when  the  valley  was  formed, 
since  the  river  could  not  excavate  the  valley  below  sea  level.  Similar 
thicknesses  of  the  upland  debris  occur  elsewhere — 800  feet  in  San 
Pedro  Valle}'^;  1,000  feet  in  Sacramento  Valley  at  Yucca,  Ariz.,  and 
about  2,400  feet  exposed  in  the  bluffs  of  the  Colorado  River.  In  none 
of  these  places,  however,  is  bed  rock  reached.  The  evidence  points 
to  a  general  subsidence  as  the  initial  cause  of  the  upland  deposits. 

(2)  Local  movements.  The  sandstones  and  the  breccia  near  Tenipe 
and  at  Mount  McDowell,  near  the  head  of  the  valley,  are  highly 
inclined.  The  attitude  of  the  sediments  in  Tonto  basin  indicates 
faulting  and  tilting  to  a  notable  extent,  and  Ransome  *  describes  an 
area  of  intense  faulting  and  movement  east  of  Salt  River  Valley. 
Faulting  and  block  tilting  are  not  easily  recognized  in  crystalline 
formations  such  as  those  immediately  surrounding  the  valley,  and  the 
covering  of  detrital  matter  renders  the  location  of  possible  fault  lines 
doubtful.  Reasoning,  however,  from  analogy  it  is  probable  that  fault- 
ing and  block  tilting  have  played  a  considerable  part  in  bringing  about 
present  relations  in  and  near  Salt  River  Valley. 

The  most  conspicuous  example  of  a  tilted  block  within  the  valley  is 
found  in  Tempe  Butte,  where  the  sandstone  and  its  overlying  sheet  of 
andesite  are  tilted  steeply  to  the  south.  The  movement  which  brought 
this  butte  to  its  present  position  was  very  recent.     Waterworn  bowl- 

n  Kanmine,  F.  L.,  Geology  of  the  (ilobe  coppor  district,  Arizona:  Prof.  l*apt?r  L'.  8.  Geol.  Survey  No. 
12,1903. 
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ders,  such  as  compose  a  large  part  of  the  valley  till,  are  found  on  tl 
sides  of  the  butte  above  the  level  of  the  valley  floor,  and  although  tht 
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lie  loose  on  the  steep  sides,  siifticient  time  has  not  elapsed  since  the 
elevation  to  allow  of  their  tindintr  their  wav  back  to  the  river  wliii 


Fig.  16.— Section  thnnigh  Tempo  Butte  and  Tempe  well. 

flows  at  the  foot  of  the  butte.     The  attitude  of  the  formations  and  tlie 
relations  to  each  oth6r  are  indicated  in  figs.  15  and  16. 


CHAPTER  III. 

PHYSIOGRAPHY. 

MOUNTAIN  AND  PI.AIN. 

The  so-called  valleys  of  Salt  and  Gila  rivers  are  but  parts  of  a  broad 
plain  occupying  a  large  portion  of  southwestern  Arizona.  The  valleys 
are  in  part  surrounded  by  mountainous  areas,  and  they  themselves  in 
turn  surround  isolated  peaks  and  groups  of  mountains  which  rise 
abruptly  from  their  surface.  To  the  north  and  east  the  country 
Viccomes  more  and  more  mountainous  to  the  edge  of  the  high  plateau, 
which  within  a  distance  of  something  like  80  miles  rises  to  an  eleva- 
tion of  about  7,500  feet,  as  indicated  in  the  sketch  profile  fig.  17.  The 
escarpment  bordering  the  great  western  plateau  passes  through  this 
region.  The  surface  of  the  plateau  slopes  northward,  while  the 
drainage  from  its  face — the  edge  of  the  Mogollon  Mesa — together 
with  that  from  the  broken  country  to  the  southwest  of  the 
escarpment  forms  Salt  and  Verde  rivers,  thus  furnishing  the  \vater 
which  supplies  Salt  River  Valley.     In  a  general  way  the  aggraded 
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plain  of  which  Salt  River  Vallev  is  a  part  lies  at  the  foot  of  the 
escarpment  bordering  the  plateau,  and  has  been  filled  and  graded  prin- 
cipally' by  material  shed  from  the  edge  of  this  plateau.  Between  the 
escarpment  proper  and  the  aggraded  plain  there  is  much  broken 
country  of  which  little  is  known.  Toward  the  south  and  west  of  the 
escarpment  the  mountain  masses  stand  out  as  more  or  less  isolated 
groups,  separated  by  stretches  of  fairly  level  plains,  as,  for  example, 
the  Salt  River  and  Saeaton  mountains. 

The  plain  from  which  these  comparatively  small  mountain  groups 
rise  has  a  regular  and  moderately   uniform  slope  corresponding  to 
the  gradients  of  the  streams.     In  some  cases  the  transition  from  moun-    A 
tain  to  plain  is  marked  by  a  series  of  partly  buried  hills,  which  were  ^ 
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originally  outlyinfr  remnants  of  erosion  and  which  have  since  been  sur- 
rounded bv  debris  shed  from  the  mounUiin  slope.  This  is  illustrated 
in  a  small  way  south  of  the  Phoenix  Mountains  (PI.  XV).  In  a  larger 
way  the  groups  of  mountains,  such  as  Salt  liiver  Mountains,  Sacaton 
Mountains,  etc.,  are  also  remnants  of  erosion  partly  buried  by  debris. 
In  other  cases  the  mountains  rise  from  the  graded  plain  or  valley  floor 
with  the  utmost  abruptness,  as  in  the  case  of  Bell  Butte  (PI.  XIII,  ..-1), 
and  Camel  back  Mountain  (PI.  XVI,  .1).  Probably  the  most  notable 
physiographic  feature  of  the  region  is  the  abrupt  transition  from 
mountain  to  plain. 

In  the  views,  previously  referred  to,  of  Tempi^  Butte,  Bell  Butte, 
etc.,  the  aggraded  plain  shown  in  the  foreground  extends  to  the  abrupt 
rocky  slopes  with  little  or  no  transition.  Irrigjible  lands  extend  to 
the  foot  of  the  slopes,  as  indicated  in  PI.  XVII,  which  is  a  view  from 
the  top  of  Tempe  Butte.  The  explanation  of  these  relations  is  found 
in  the  study  of  the  material  and  structure  of  the  valley  floor.  The 
old  valley  has  been  flooded  with  debris  and  the  outlying  peaks  and 
spurs  partly  or  wholly  submerged. 

TlIK  ME8A  UKOION. 

The  Mesa  gravels,  or  older  gravel  accumulations,  were  deposited  to 
an  elevation  25  feet  or  more  a]M)ve  the  present  river  bed.  Later  these 
gravels  were  cut  by  the  river  to  a  depth  of  at  least  75  feet,  and  this 


Fig.  is.— Sketch  Hootion  illu>*tralinj?  the  restricted  area  of  water-U-arin^;  gravels  due  to  underKn.>und 
Ntnieture.  The  older  ae<;umulalion  (stage  B)  wan  dissected  (stage  C)  and  the  valley  filled 
(sUige  I)). 

depression  w^idened  several  miles.  Later  still  this  degraded  area  was 
partly  filled.  There  is,  then,  an  old  valley  filled  with  debris  in  which 
a  younger  valley  was  excavated,  to  be,  in  turn,  its(»lf  filled  with  debris. 
It  may  be  best  explained,  in  this  conncvtion,  why  certain  wells  are 
productive  while  others  in  seemingly  as  good  positions  fail.  If  the  old 
valley  fill — the  Mesa  gravels — had  become  impervious  by  the  deposit  of 
silt  or  caliche,  or  from  any  other  cause,  and  the  present  river  gravels  had 
remained  unconsolidated,  a  water-bearing  stratum  of  restricted  dis- 
tribution would  occur,  corresponding  in  extent  to  the  recent  gravels. 
If  the  recent  gravels  had  filled  th(»  secondary  valley  and  spread  over 
the  older  accumulations,  wells  sunk  in  the  strip  covered  by  the  recent 
gravels  would  be  productive  while  wells  outside  of  this  strip  would  be 
unproductive.     This  is  illustrated  graphically  in  fig.  18. 
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The  valley  thus  filled  with  debris  may  or  may  not  correspond  with 
the  pre.sent  coui*se  of  the  river,  (changes  in  the  river's  course  over  an 
aggrading  area  are  the  rule  rather  than  the  exception.  Old  channels, 
therefore,  which  do  not  correspond  with  the  present  river's  course  are 
to  l>e  expected  in  the  valley  fill,  and  incidentally  these  old  channels 
are  likely  to  give  the  most  productive  wells.  The  old  debris-filled 
channels  may  be  narrow  like  the  present  channel  of  Salt  Kiver  near 
the  upper  end  of  the  valley,  or  may  be  miles  in  width  according  to 
circumstances. 

In  the  accompanying  sketch  (fig.  18)  the  lined  area  represents  the 
older  gravels  and  the  dotted  area  the  younger.  If  both  be  pervious, 
wells  will  yield  water  whether  put  down  in  the  ancient  or  the  recent 
gmvels.  If,  on  the  other  hand,  the  older  gravels  be  consolidated  b}^ 
the  deposition  of  caliche  or  otherwise  and  thus  made  impervious  to 
water,  a  well  at  c  would  yield  water  while  a  well  at  d  would  yield 
none.  At  a  the  well  would  strike  water  near  the  surface  but  would 
soon  enter  nonproductive  material.  Examples  similar  to  these  are 
familiar  in  the  construction  of  wells  throughout  the  valley. 

WATER  TABLE. 

Mesa  Township  was  selected  as  being  the  most  favorable,  all  things 
considered,  for  testing  the  regularity  of  the  water  table  and  its  rela- 
tion to  the  land  surface.  Every  well  was  measured  and  the  data  were 
tabulated  and  placed  on  the  map.  From  these  data  the  water  table 
of  Mesa  Township  has  been  constructed  in  contour,  and  appears  on 
the  map  (PI.  XVIII). 

Several  special  features  are  to  be  noted  in  connection  with  the 
water  table.  As  indicated  by  the  sections  the  line  representing  the 
water  table  and  passing  through  the  town  at  right  angles  to  the  river 
(CC)  is  horizontal  and  at  the  level  of  the  water  in  the  river.  The 
lines  reprasenting  the  water  table  drawn  parallel  to  the  river  (AA 
and  BB)  indicate  a  uniform  slop(»  downstream,  but  the  gradient  of 
the  water  table  is  lower  than  the  gradicMit  of  the  river,  and  the  water 
table  approaches  the  surface  downstream  as  far  as  Tempe,  where  a 
break  occurs  which  is  described  later.  On  the  other  hand  going 
upstream  the  water  tiible  becomes  progressively  farther  ))eneath  the 
surface. 

From  this  township  as  a  center  the  investigation  was  pushed  in 
every  direction  and  from  tlie  data  furnished  by  well  records  given  in 
part  in  Chapter  I  the  water  table  has  been  constructed  in  contour  for 
the  greater  part  of  Salt  River  Valley  (PI.  XX). 

By  an  inspection  of  the  ta})les  and  of  the  maps  constructed  from  these 
tables  it  is  seen  that  the  surface  of  the  underground  water  is  a  com- 
jmrativel}'   regular  plain,  sloping  in  general  with  the  grade  of  the 
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river,  the  rate  of  fall  averaging  about  10  feet  per  mile.  The  cross 
sections  of  Mesa  Township  (PL  XVIII),  where  the  wells  are  numerous, 
indicate  that  a  line  projected  across  the  water  surfaces  in  the  wells 
in  any  direction  is  pmctically  a  straight  line,  and  furthermore  that 
the  water  level  in  any  well  is  practically  the  level  of  the  river  bed 
at  the  point  nearest  that  well.  This  is  modified  in  certain  cases 
near  the  river,  which  are  described  later.  So  regular  is  the  surface 
of  the  underground  water  that  the  depth  to  water  at  any  point  of 
known  elevation  can  usuall}'  be  foreseen  with  considemble  accuracy. 

The  water  table  as  here  described  is  not  necessarily  the  same  as  the 
water-bearing  stratum.  For  example,  the  water  table  at  some  particu- 
lar point  may  be  30  feet  beneath  the  surface.  Water  may  or  maj'^  not 
be  found  at  that  depth,  but  if  found  at  a  depth  of  40  feet  it  will  rise  10 
feet  in  the  well,  and  if  found  at  100  feet  it  will  rise  70  feet  in  the  well. 

The  shallow  wells  have  an  annual  and  a  cyclic  variation.  During 
the  dry  summer  season  the  water  lowers  more  or  less,  and  the  shal- 
lower wells  become  dry.  During  seasons  of  more  abundant  rainfall 
the  water  level  rises  again.  There  are  several  facts  connected  with  this 
annual  variation  which  are  worthy  of  note: 

(1)  The  stage  of  lowest  water  is  not  coincident  with  the  driest  sea- 
son, but  is  reached  some  time  after  the  rains  begin. 

(2)  The  water  in  the  w^ells  seems  to  stand  at  its  maximum  height 
far  into  the  dry  season. 

(3)  The  variations  in  water  level  can  not  be  due  to  rainfall  in  the 
valley  for  the  obvious  reason  that  not  enough  rain  falls  to  supply  the 
quantity  of  water  represented  by  the  variations,  even  if  it  all  joined 
the  underground  \*  ater. 

As  a  matter  of  fact  very  little  of  the  water  falling  as  rain  in  the 
valley  can  enter  the  wells,  except  in  certain  localities  where  wells  are 
obviously  fed  by  surface  water.  The  impervious  layers  of  caliche 
common  throughout  the  valley  would  prevent  a  great  amount  of 
surface  water  from  joining  the  underflow,  even  if  evaporation  allowed 
an  appreciable  amount  to  remain  pernianently  in  the  soil. 

The  only  supply  of  water  that  is  quantitiitively  adecjuate  to  explain 
the  phenomena  is  that  from  the*  river  and  from  tlie  flood  waters  enter- 
ing the  valley  from  the  surrounding  hills.  Waters  move  through 
sand  and  gnivel  very  slowly,  and  a  greater  or  less  tinie,  differing 
according  to  circumstances,  must  elapse  after  the  floods  enter  the 
valley  before  their  influence  can  be  felt  in  the  wells.  Theoretically, 
there  should  be  a  retardation,  or  lagging  of  efl'ect,  and  such  is  found 
to  be  the  case  in  the  variations  of  the  water  level. 

The  cyclic  variations  may  be  explained  in  the  same  wa}',  hut  less 
accurate  knowledge  is  obtainable  than  in  the  case  of  the  aiuuial  varia- 
tions. During  the  past  few  years  the  shallow  wells  throughout  the 
valley  have  been   lowered    repeatedly.     South  of  Tempe,  where  the 
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water  level  is  said  to  have  been  formerly  within  2  feet  of  the  sur- 
face, it  is  now  8  feet.  At  Mesa  it  has  lowered  12  feet  in  four  years; 
at  the  Phoenix  Indian  School  it  has  lowered  20  feet  in  ten  years. 
This  is  conimonl}'  attributed  to  the  drought  which  has  prevailed  dur- 
ing the  past  few  years.  It  ma^^  be  partly  due  also  to  the  increasing 
nuni})er  of  wells  in  use.  The  quantity  of  ground  water  is  not  unlim- 
ited and  the  operation  of  a  large  number  of  pumps  must  in  time  affect 
the  supply. 

The  deep  wells  which  draw  their  water  from  the  lower  water  hori- 
zons vary  to  some  extent,  but  little  is  yet  known  of  them.  The  water 
level  in  Mr.  Olsen's  well  rose  2  feet  in  less  than  three  months,  Febru- 
ary 1  to  April  14, 1903.  The  water  in  Desert  well  has  been  rising  for 
the  past  eight  yeai*s — during  the  time  when  the  shallower  wells  of  the 
valley  were  being  repeatedl}^  lowered  to  obtain  water.  The  deeper 
water-l>earing  beds  naturally  draw  their  supply  from  points  farther 
out  toward  the  borders  of  the  valley  and  the  waters  may  have  a  greater 
distance  to  travel  through  the  valle}^  fill  than  those  of  the  surface  flow. 
It  is  possible  also  that  the  zigzag  course  which  the  water  may  follow 
in  the  valley  fill  is  a  matter  of  much  importance.  If  the  ideal  section 
given  in  fig.  3  represents  actual  conditions,  water  from  the  river 
would  pass  laterally  six  times  partly  across  the  valley  before  reaching 
the  lowest  gravels.  At  the  rate  of  flow  as  described  later  on  it  might 
take  many  years  for  water  to  make  such  a  journey.  The  waters  of  any 
particular  flood  ma\^  not  reach  the  deep  wells  until  several  years  after 
the  flood  occurs. 

It  is  likely,  however,  that  the  water  level  in  a  particular  well  would 
be  affected  by  a  flood  long  before  the  waters  of  that  flood  actually 
arrived  at  the  well.  Much  as  a  wave  may  travel  faster  than  the  water 
composing  the  wave,  so  there  may  be  waves  or  pulsations  in  the  under- 
flow due  to  the  entrance  of  flood  w^aters.  The  smaller  pulsations — the 
annual  ones — might  and  probably  do  appear  in  the  shallow  wells. 
These  smaller  pulsations  may  become  imperceptible  where  they  travel 
far,  and  may  merge  into  cyclic  pulsations,  which  alone  affect  wells  far 
from  the  source  of  supply  -for  example,  the  Desert  well. 

On  account  of  these  variations  of  the  water  table  certain  allowances 
must  be  made  in  applying  the  accompanying  maps  which  indicate  by 
contours  the  elevation  of  the  water  table  and  the  depth  of  this  table 
beneath  the  surface.  At  a  certain  point,  for  example,  the  depth  to 
water  was  20  feet  when  the  map  was  constructed.  At  some  future 
time  the  depth  may  be  greater  or  less  than  20  feet  according  as  the 
volume  of  underground  water  may  have  increased  or  diminished. 

TIIK   RIVER   AND   THE   UNDERFLOW. 

The  river  is  considered  the  most  important  source  of  the  underflow. 
There  is  a  permanent  water  supply  in  it  from  the  head  of  the  valley  to 
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the  Terape  canal,  north  of  Mesa.  Below  the  head-gates  of  the  Tempe 
canal  a  short  space  occui's  in  which  the  river  is  practically  dry  for 
the  greater  part  of  the  year.  Farther  downstream  underground 
water  returns  to  the  river  l>ed;  that  is,  the  river  cuts  beneath  the 
water  table  and  the  underflow  returns  in  part,  making  a  surface  flow  of 
something  like  35  second-feet.  It  is  evident,  therefore,  that  from  the 
head  of  the  valley  to  the  Tempe  canal  the  surface  flow  of  the  river  '  • 
at  a  higher  level  than  the  general  surface  of  the  underground  water 
on  either  side.    Wells  sunk  near  the  river  indicate  that  the  depression 
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F«i.  19.— Index  map  of  Salt  River  Valley.  Uwatiiigr  the  nectionH  nhown  in  PI.  XIX. 

of  the  wattn*  table  from  the  river  lat<}i*ally  is  very  abrupt.  This  is 
indicat<?d  I)}'  the  contours  of  the  water  table  as  given  on  the  map,  PI. 
XX,  and  in  the  sections  of  PI.  XIX.  The  fact  that  a  permanent  flow 
of  water  exists  in  the  river  at  the  upper  end  of  the  valley  at  an  eleva- 
tion higher  than  the  surface  of  the  underground  water  of  the  valley 
in  general  is  of  prime  importance  in  understanding  how  the  water 
enters  the  valley  till. 

North  of  Mesa  the  river  })ed  is  at  the  ssime  elevation  as  the  water 
table,  while  at  Tempe  the  river  l}ed  is  below  the  water  table.  This 
explains  the  return  of  the  underflow  to  the  surface,  making  a  perennial 
stream  at  Temi)e,  while  the  river  bed  both  east  and  west  of  Tempe  is 
diy.  Th(»  reason  for  the  approach  of  the  water  ta})le  to  the  surface 
near  Temp(^  requires  further  explanation. 
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COUB8E8  OF  THE   UNDERFLOW. 

At  Tempe  the  river  flows  practically  on  bed  rock.  The  andenite 
and  the  red  sandstones  of  the  butte  are  exposed  down  to  tbe  water's 
edge.  The  river  passes  through  a  narrow  channel  between  Tempe 
Butte  and  the  conglomerate  hills  to  the  north.  From  Tempe  north- 
ward to  the  Phoenix  Mountains  bed  rock  appeai-s  at  the  surface  for  the 
greater  part  of  the  distance.  Where  it  is  notexiwsed  it  is  encountered 
in  wells  at  no  great  depth.  A  glance  at  the  contours  of  the  water 
table  of  the  township  north  of  Tempe  (T.  2  N.,  R.  4  E.)  will  reveal  the 
fact  that  this  table  is  90  feet  higher  e&st  of  the  buttes  than  it  is  about 
2  miles  farther  west.  There  is  then  no  free  passage  for  the  underflow 
north  of  Tempe  except  through  the  gravels  in  the*  immediate  channel 
of  the  river. 

Southwest  of  Tempe,  Bell  Butte  rises  from  the  level  valley  floor 
about  midway  between  Tempe  Butte  and  the  Salt  River  Mountains. 
No  deep  wells  have  been  drilled  between  Tempe  and  Itell  Butte  to 
indicate  the  underground  conditions,  the  nearest  }>eing  that  of  H.  L. 
Chandler,  one  mile  south  of  Tempe.  This  well  indicates  that  loose 
gi-avels  and  bowlders  extend  to  a  depth  of  at  least  180  feet.  This 
would  seem  to  indicate  a  free  passage  for  the  undei*flow  between  Tempe 
and  Bell  buttes.  On  the  other  hand,  there  is  a  sharp  decline  of  the 
water  table  to  the  west  in  this  region.  North  of  Bell  Butte  a  depres- 
sion of  the  water  table  of  16  feet  within  half  a  mile  was  observed. 
South  of  Bell  Butte  a  still  sharper  decline  occurs,  depressing  the 
water  table  10  feet  in  less  than  a*  quarter  of  a  mile.  The  line  along 
which  this  depression  of  the  water  table  takes  place  is  one  passing  from 
Tempe  Butte  through  Bell  Butte  to  Salt  River  Mountains. 

As  previously  described  in  D.  B.  Heard's  well,  situated  at  the  south- 
west corner  of  section  30,  bowlders  were  encountered  to  a  depth  of  5)0 
feet,  beneath  which  granite  wash  occurs,  probably  from  the  mountains 
at  the  south.  The  wells  at  the  Valley  Seedless  Grape  Company's  vine- 
yard, 4  miles  south  of  Tempe,  and  the  two  wells  drilled  in  the  same 
region  by  Mr.  Heard  indicate  that  the  water-bearing  bowlder  bed 
hardly  reaches  that  point.  It  is  evident,  all  things  considered,  that  the 
underflow  so  voluminous  and  extensive  in  the  Mesa  region  does  not  find 
free  passage  to  the  Phoenix  region  past  Tempe. 

In  explanation  of  this,  there  is  a  belief  somewhat  widespread  in  the 
valley  that  the  passage  is  obstructed  })y  a  subtiM-ninean  dam  formed 
either  by  volcanic  activity  or  by  the  formation  of  a  cement  reef  across 
the  valley.  After  what  has  been  said  of  the  formation  of  caliche,  or 
cement,  it  seems  evident  that  the  contimious  passage  of  the  underflow 
would  prevent  any  cement  from  forming  across  the  valle}^  which  could 
in  any  sense  act  as  a  dam,  and  this  postulate  may  be  dismissed  without 
further  comment.     The  suggestion  of  a  volcanic  dam  finds  some  con- 
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fimiation  in  the  presence  of  the  andesite  of  Tempe  and  Bell  bttttes. 
As  previously  descrilied,  the  uplift  of  Tenipe  Butte  occurred  in  com- 
paratively recent  time,  but  whether  the  formations  of  the  lava  of  Tempe 
and  Bell  butten  and  the  subsecjuent  local  movements  occurred  after  the 
exc^avation  of  the  valley  or  had  anything  to  do  with  the  obstruction  of 
the  underflow  remains  a  matter  of  conjecture.  In  the  mind  of  the 
writer,  the  phenomena  about  Tempe  find  most  rational  explanation  in 
the  change  of  the  course  of  the  river  des(»rilwd  l)elow. 

In  order  to  place  pumping  plants  where  they  will  l)e  most  productive, 
it  is  a  matter  of  prime  importance  to  know  the  nature  and  course  of 


Fia.  20.— Index  map  of  Salt  River  Valley,   looating  the  sections  shown  in  PI.  XXI 


the  underflow.  It  is  believed  by  some  that  the  water  is  virtually  stag- 
nant and  held  in  the  gravels  as  water  is  held  in  a  sponge.  The  ''under- 
ground lake"  is  a  familiar  expression  in  the  valley.  A  still  more  com- 
mon expression  is  ''the  underground  river."  It  is  scarcely  necessary, 
after  what  has  been  written,  to  explain  that  no  underground  lake  and 
no  underground  river,  taken  in  the  popular  sense,  exist.  There  is, 
however,  a  slow  movement  of  the  underground  watei-  down  the  valley, 
which  is  designated  as  the  undei-flow.  Whether  the  underflow  is  a3 
wide  and  as  deep  as  the  valley  fill,  or  whether  there  are  certain  restric- 
tions both  latemlly  and  vertically,  directing  the  flow  in  cerbiin  courses, 
depends  entirelj'^  upon  the  structure  of  the  valley  fill. 
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There  is  also  to  be  considered  the  possibility  that  the  ancient  course 
of  the  river  was  not  the  same  as  the  present  course.     Enough  has  been 
written  to  indicate  that  there  are  i*es:triction-.,  and  that  the  great  volume 
of  the  underflow  passes  through  a  comparatively  narrow  si^ace.    The 
valley,  filled  as  it  has  been  both  by  wash  from  the  hills  and  by  sandd 
and  gravels  brought  down  the  river,  would  naturally'  yield  abundant 
water  only  where  the  valley  fill  is  sufficiently  open  to  allow  a  free  pas- 
sage of  water.     The  wash  from  the  hills  along  the  outer  portions  of 
the  valley,  while  coarse  enough  to  allow  free  passage  of  water  in  places, 
is  very  frequently  cemented  to  a  practically  impervious  mass.     Some 
wells  obtain  a  good  supply  from  this  wash,  but  there  are  many  that 
have'fiiiled  because  they  were  in  the  wash.     The  most  productive  wells 
are  in  the  beds  of  river  gravel  and  bowlders. 

ANCIENT   RIVER  CHANNELS. 

Since  it  is  always  the  river  that  is  making  the  deposits  of  gravel  and 
bowlders  through  which  water  passes  most  readily,  it  naturally  follows 
that  the  bowlder  beds  mark  the  ancient  courses  of  the  river.  It  further- 
more follows  that  the  present  course  of  the  underflow  is  in  general  the 
course  of  the  ancient  river  that  depositexl  the  gravels  and  bowlders  in 
which  the  underflow  occurs.  It  remains,  then,  to  determine  the  old 
courses  as  accurately  as  possible  in  order  to  place  the  pumping  plants 
in  the  most  advantageous  localities.  At  first  thought  this  course 
should  be  in  general  down  the  valley,  parallel  to  the  river.  Hut  a  little 
reflection  indicates  that  this  is  not  necessarily  the  ca.se.  As  the  floor 
of  the  valley  was  raised  by  the  deposition  of  ddbris,  the  river  shifted 
from  side  to  side  of  the  valley.  When  the  level  of  the  rising  valley 
floor  reached  the  saddle  of  some  spur  or  divide  the  river  might  pass 
over  this  divide,  leaving  its  former  course  at  one  side.  This  is  proba- 
bly what  Salt  River  has  done  in  comparatively  recent  times.  On  this 
point  the  following  facts  are  to  be  noted: 

(1)  In  the  Mesa  region  water-bearing  gmvels  occur  to  a  depth  of  at 
least  620  feet  (Murphy-McQueen  well)  and  extend  at  least  as  far  south 
as  the  Chandler  well  No.  5,  12  miles  south  of  Mesa. 

(2)  It  is  in  these  gravels  that  some  of  the  best  producing  wells  of 
the  valley  are  located. 

(3)  There  is  an  obstruction  of  some  kind,  as  previously  described, 
preventing  a  free  passage  of  the  underflow  downstnnim  at  Tempe. 
Such  well  records  as  are  available  indicate  that  the  gravel-filled  valley 
near  Tempe  may  be  comparatively  shallow. 

(4)  Between  Salt  River  Mountains  and  Sacaton  Mountains  is  a  broad 
and  nearly  level  plain  extending  without  interruption  from  the  Mesa 
region  to  Gila  River.  It  is  an  aggraded  plain  underlain  by  water- 
bearing gravels  and  connecting  with  the  water-bearing  gravels  of  the 
Gila,  described  in  a  previous  paper  by  the  writer." 

a  Lee,  W.  T.,  Underground  waters  ol  Gila  Valley,  Arizona:    Water-Sup.  and  Irr.  Paper  No.  IW, 
L'.  S.  Geol.  Survey,  1904. 


126        UNDEBOBOUND    WATEB8   OF   SALT   BIVEB   VALLEY.       Cno.  13C. 

(5)  At  a  point  in  Gila  Valley  where  the  waters  passing  as  under- 
flow through  the  gravels  between  the  two  groups  of  mountains  just 
mentioned  would  natui*all\'  be  expected  to  appear  underground  water 
returns  to  the  surface  in  considerable  quantity.  At  this  point  there 
is  the  somewhat  novel  phenomenon  of  a  perpetual  lake  in  the  midst  of 
a  desert  where  evapoi-ation  is  about  ten  times  greater  than  the  rainfall. 
This  lake  is  not  fed  b\'  Gila  River,  as  is  evident  from  the  fact  that 
the  river  is  dry  for  a  distance  of  about  50  miles  above  the  lake  during 
the  greater  jmrt  of  the  year.  It  is  not  fed  from  flood  waters,  since 
floods  are  seldom  of  sufficient  volume  to  enter  it.  There  is  further- 
more a  constant  and  regular  discharge  of  water  from  the  lake.  The 
only  obvious  source  of  supply  is  the  underflow  of  Gila  and  Salt  rivers. 

An  attempt  has  been  made  to  sliow  graphically  the  underground 
conditions  across  the  valley  at  Tempe  (PI.  XXI,  A)  and  across  the 
space  between  the  Salt  River  Mountains  and  the  Sacaton  Mountains 
(PI.  XXI,  C)^  so  far  as  those  conditions  are  known  or  can  be  reason- 
ably inferred  from  the  data  at  hand.  It  should  be  explained  in  this 
connection  that  these  sections  are  so  chosen  as  to  pass  through  such 
deep  wells  as  are  known,  thus  making  a  section  along  a  broken  line. 
The  depth  of  water-bearing  gravels  there  indicated  should  not  be 
interpreted  as  the  depth  of  the  passage  open  to  the  underflow.  The 
crest  of  the  subterranean  ridge  which  is  thought  to  exist  is  probably 
about  a  mile  west  of  the  line  represented  in  section  A,  as  indicated 
by  the  shallowness  of  the  gravels  at  Heard's  well  and  the  sharp 
depression  of  the  water  table  already  descri}>ed. 

The  evidence  at  hand  leads  clearly  to  the  inference  that  in  former 
ages  Salt  River  joined  the  Gila  east  of  the  Salt  River  Mountains 
instt^ad  of  occupying  its  present  course  north  of  those  mountains.  It 
has  been  argued  with  some  degree  of  plausibility  that  the  chemical 
character  of  the  water  throws  doubt  upon  this  hypothesis.  The  waters 
of  the  Salt  River  underflow  as  represented  in  the  Olson  and  Hansen 
wells,  contain  much  greater  quantities  of  salts  than  do  the  waters  of 
the  Gila  underflow.  It  has  been  argued  that  waters  so  saline  could 
not  feed  in  an\^  great  measure  an  underflow  such  as  that  of  Gila 
Valle\\  It  should  be  noted,  however,  that  the  water  from  the  Chandler 
wells  farther  to  the  east  is  less  saline.  For  convenience  of  comparison 
there  are  placed,  below,  the  analyses  of  four  samples  of  the  Gila  under- 
flow. (All  water  in  this  part  of  (iila  Valley  at  ordinary  times  comes 
from  the  underflow.)  In  the  same  table  are  included  the  analyses  of 
waters  from  the  Salt  River  underflow,  so  selectt^d  as  to  give  as  wide 
a  range  as  possible  within  the  region  which  presumably  feeds  the  Gila 
underflow.  It  appears  from  a  comparison  of  these  analyses  that 
although  the  waters  from  the  Hansen  and  Olsen  wells  are  much  more 
saline  than  the  Gila  underflow,  those  from  the  Chandler  wells  are 
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practically  the  same  as  the  Gila  underflow.  It  is  entirelj^  possible  that 
^he  Chandler  wells  arc  in  or  near  the  course  of  freest  flow  where  salts 
lave  either  failed  to  find  lodgment  or  if  deposited  in  former  times 
lave  been  carried  away  by  the  companitively  free  sweep  of  the  waters, 
ivhile  the  Olsen  and  Hansen  wells  may  dmw  from  water  which,  for 
iorae  reason,  is  compai-atively  slujjgish  and  therefore  more  saline,  since 
;he  gravels  in  which  it  is  held  are  not  freely  washed  by  a  constant 
nflow  of  water. 


Analifsis  of  water  from  the  underflow  of  Salt  and  Gila  rivers^  Arizona, 
FROM  GILA  VALLEY. 


Lake  In  Gila   I    ^i!?JfJR}}r   '     Gila  River 
^*"^>-        I    Gila  Valley.   |        ^^P^«^- 


Well  at  Pres- 
byterian mis- 
sion. Gila 
erosffiing. 


luantitative  (parts  in  100,000): 
Total  solids  soluble  at  110°  C 


"I" 


Chlorine  in  terms  of  NaCl  (com- 
mon salt) 


Hardness  in  terms  of  CaS04  (sul- 
phate of  lime)  


Alkalinity  in   terms  of   Na^COa 
(black  alkali) 


107.0 
61.2 
2.72 


106.0 
62.8 
13.1 


127.0 
76.4 
12.6 


160.0 
110.8 
28.4 


Nitrogen  in  the  form  of  nitrates 

Nitrogen  In  the  form  of  nitrites  .-1 , | 

Qualitative: 

Sulphates , 

Magnesia 

Lime i 

Bicarbonatcs 


Very  strong. 
Simng.  I 
Strong. 
Strong.  I 


Strong.  I  Very  strong. 

Strong.  Strong. 

Strong.  Strong. 

Strong.  Pronounced. 


Very  strong. 
Strong. 
Strong. 
Strong. 


FROM  SALT  RIVKR  VALLEY. 


Chandler  well  Chandler  well  Chandler  well 
I     No.  1  (after         No.  1  (after         No.  3  (after    | 

15  months*  24  months'  tliorough 

I      pumping).         pumping).  pumping).    I 


Olsen  well. 


Quantitative    (parts  , 
in  100.000):  I 

Total  solids  solu 
bleat  110°  C...  127.4 

Chlorine  in  terms 
of  Nad  (com- 
mon salt) 75.6 

Hanlness  in  terms 
of  CaS04  (sul- 
phate of  lime )  - . 

Alkalinity   in  I  i 

terms    of     Na.^  i 
CO3  (black   al-  '  1 

kali) None.  ■ 

Nitrogen    in   the  I  ' 

form  of  nitrates.  .07 

Nitrogen    in   the  1 

form  of  nitrites.  Traces.  ; 

Qualitative:  ' 

Sulphates Strong.  | 

Magnesia Distinct.  I 

Lime Pronounce<i.  I 

Bicarbonates Strrmg.  ' 


I 


116.H 


None.  I 
Trace.  | 
None. 

Very  strong. 
Strong. 
Strong. 
Strong. 


l«.r. 


None. 


Traces. 

Stnmg. 

I)istin<;t. 

Strong. 

Very  strong. 


3S1.0 
2;i5. 2 
59.84 

None. 

2.0 

Faint. 

Very  strong. 

Strong. 

Very  strong. 

Very  strong. 


I   Hansen  well 
(after  several 
I  months  of  con- 
,    stant  pump- 
I  ing). 


442.0 
311.0 
151.2 

None. 

Trace. 

.01 

Very  strong. 

Strong. 

Ver>'  strong. 

Distinct. 
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PRINXIPAL  C0UB8ES  OP   UNDERFLOW. 


While  it  is  not  probable  that  the  underflow  in  this  region  follows  a 
channel  that  is  in  any  sense  well  defined,  there  are  without  doubt 
courses  along  which  the  flow  has  a  maximum  velocity,  and  others 
along  which  it  has  a  minimum  velocity.  It  is  entirely  conceivable, 
also,  that  there  are  places  where  the  water  is  virtually  stagnant. 
The  underflow  maj'  he  compared  with  the  water  of  a  swamp.  It  is 
one  body  of  water,  but  communications  between  various  localities  are 
not  equally  free  as  in  the  case  of  a  lake.  Nor  is  the  flow  conceived 
to  be  as  nearly  uitiform  as  in  the  case  of  a  river.  The  water  finds 
its  way  through  the  gravels  along  paths  of  least  resistance,  sometimes 
straight  and  sometimes  circuitous.  It  should  not  be  inferred,  there- 
fore, from  reference  to  the  principal  course  of  the  underflow,  that 
an3'thing  like  a  definite  channel  is  meant. 

From  a  consideration  of  all  available  data  it  seems  clear  that  the 
ancient  course  of  the  river  and  the  present  course  of  a  large  part  of 
the  underflow  are  east  of  the  Salt  River  Mountains.  It  is  probable 
that  at  a  comparatively  late  stage  in  the  course  of  the  accumulation 
of  the  valley  till  the  gradually  rising  floor  of  the  valley  reached  the 
level  of  the  saddle  between  the  Salt  River  Mountains  and  the  Phoenix 
Mountains  and  found  a  shorter  and  easier  passage  than  the  circuitous 
route  around  the  former.  As  the  vallev  floor  was  still  farther  raised 
by  the  deposition  of  d<5bris,  and  as  the  river  passed  its  aggrading 
and  degrading  stages  previously  d(»scribod,  its  course  may  have 
changed  repeatedly,  sometimes  north  of  the  Salt  River  Mountains 
and  sometimes  east  and  south  of  them.  While  the  debris  accumulat- 
ing along  its  course  is  deemed  the  chief  cause  of  the  lateral  migi*a- 
tions  of  the  river,  certain  changes  may  have  be(»n  caused  by  volcanic 
action  and  loc^l  movements  in  the  vicinity  of  Tempe,  as  previously 
suggested. 

This  postulate  explains  in  a  rational  and  natural  way  the  peculiari- 
ties near  Tempe  already  described.  There  is  probably  a  subterra- 
nean dam  across  the  present  valley  at  Tcnipe,  which  prevents  the  pas- 
sage of  the  principal  part  of  the  underflow.  It  is  not  a  dam  thrown 
across  a  previously  existing  valley,  but  one  which  was  formerly  a 
ridge  at  the  side  of  the  valley  and  whicli  was  buried  by  debris  as  the 
valley  was  filled.  It  is  probable  that  only  the  waters  from  the  upper 
horizons  of  the  gravels  of  the  Mesa  region  find  their  way  over  the 
top  of  this  submerged  ridge  into  the  underflow  of  the  Phoenix  region. 

SOURCES   OF   THE    UNDKKFI.OW. 

One  of  the  most  notable  features  about  the  valley  till  in  the  Mesa 
region  is  the  thick  bowlder  bed  covered  with  impervious  clay.  It 
occurs  in  the  center  of  the  valley,  while  toward  the  sides  the  bowlders 
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^ive  place  to  the  finer  material.  The  water  in  the  bowlder  bed  is 
under  considerable  pressure,  while  above  the  cla}^  which  confines  it 
occur  water  bodies  of  limited  extent,  forming  what  is  locall}'  known 
as  the  surface  flow.  In  certain  places  the  surface  flow  is  under  slight 
pressure,  while  in  others  it  is  under  no  pressure,  but  the  underflow 
and  the  surface  flow  form  a  single  water  body,  as  evidenced  by  the  defi- 
nite water  table.  The  questions  naturally  arise:  How  are  the  watei*s 
connected?  whence  do  they  come?  and  how  do  they  get  into  the 
ground? 

There  are  several  possible  sources — (1)  rainfall  soaking  into  the 
ground;  (2)  underground  water  in  the  form  of  springs  or  artesian 
flow  entering  the  valley  from  foreign  regions;  (3)  streams  and  sheet 
washes  entering  the  valley  from  the  surrounding  hills  during  times 
of  abnormal  precipitation. 

(1)  The  rainfall  is  so  slight — an  average  of  little  over  7  inches  per 
year  in  the  valley — that  it  could  supply  but  a  very  small  part  of  the 
underground  water  known  to  exist,  even  if  it  did  not  evaporate  before 
entering  the  soil  to  any  great  depth.  It  is  probable,  however,  that 
little  if  any  of  the  water  from  rains  in  the  valley  tinds  its  way  to  the 
undeiHow.  At  best  it  could  only  join  the  surface  waters  owing  to 
impervious  clay  and  cement  layers  separating  these  waters  from  those 
l>eneath. 

(2)  The  hills  surrounding  the  valley  are  composed  principally  of 
crystalline  rock.  There  is  no  known  possibility  of  water  entering  the 
valley  in  any  form  of  artesian  flow,  and  springs  from  the  hillsides 
are  so  small  that  they  may  be  disregarded. 

(3)  The  only  source  which  is  quantitatively  adequate  to  supply  the 
known  amount  consists  of  the  streams,  chief  among  which  is  the  Salt 
River  system.  There  seems  to  be  little  doubt  that  the  underflow  is 
connected  directlv  with  the  river. 

In  order  to  understand  clearly  how  the  waters  enter  the  underfiow 
it  is  necessary  to  know  how  the  valley  fill  was  deposited.  In  former 
ages  Salt  River  Valley  was  a  l)road,  deep  valley  of  erosion,  at  least  1,305 
feet  deeper  than  it  is  at  present.  IIow  much  deeper,  is  impossible  to 
say,  for  no  well  has  penetrated  beyond  that  depth.  By  some  change 
in  the  altitude  of  the  land  or  change  of  climate,  perhaps  both,  the 
streams  were  changed  from  degrading  to  aggrading  streams.  The 
water  could  no  longer  carry  all  of  its  load.  Riv^er  debris  accumulated 
as  it  is  still  accumulating.  The  coarser  material  was  dropped  in  the 
channel,  while  the  clay  and  silt  accumulated  on  the  floodplain,  and 
cement  formed  near  its  surface.  As  the  channel  became  choked  with 
gravels  and  bowlders  the  stream  shifted  gradually,  covering  the  clay 
and  cement  already  deposited,  while  these  materials  in  turn  slowly 
accumulated  over  the  gravels  and  bowlders  of  the  abandoned  stream 
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courses.  As  the  river  swung  from  side  to  side  of  the  vallej',  gravel 
and  bowlder  beds  were  always  left  in  its  wake;  furthermore — ^and  this 
is  the  key  to  the  problem — wherever  a  bowlder  bed  was  formed 
a  bowlder  tmin  filling  the  old  channel  connected  and  probably  still 
connects  this  bed  with  the  mouth  of  Salt  River  Canyon,  whence  the 
water,  together  with  its  d(?bris,  issued  then  as  it  does  now. 

While  Salt  River  was  the  main  factor  in  the  formation  of  the  valley 
fill  the  tributary  streams  and  sheet  washes  played  some  part.  £ach 
stream,  no  matter  how  small,  left  a  train  of  gnivel  leading  into  the 
valley  fill,  and  in  a  small  way  migmted  from  side  to  side,  as  did  the 
river.  Permanent  streams,  no  matter  how  small,  kept  a  constant  con- 
nection with  the  river,  and  their  ancient  gravel  trains  probably  still 
form  comparatively  f r(»e  subterranean  passages  for  water  into  the  gen- 
eral underflow.  But  nowadays  the  small  stream  coui*ses,  even  streams 
as  large  as  Queen  and  Cave  creeks,  do  not  reach  the  river  but  are  lost  in 
the  valley  fill.  Judging  the  pa::^t  by  the  present,  similar  relations  may 
have  obtained  then.  Such  streams  as  Queen  and  Cave  creeks  might 
form  their  valley  trains  from  the  hills  into  the  main  valley  for  a  con- 
siderable ditstance,  and  perha'ps  form  a  considerable  bed  of  loose  mate- 
rial through  which  water  would  flow  readily,  but  the  connection  with 
the  bowlder  beds  of  the  main  stieam  might  be  cut  otf  bv  imperviors 
beds  of  clay  or  cement.  Such  beds  might  form  water  poi^kets  in  the 
valley  fill,  and  under  certain  conditions  yield  flowing  wells.  How- 
ever, no  water  pock(»ts  have  been  found  in  Salt  River  Valley  yielding 
flowing  water. 

At  the  pn»sent  time,  while  the  streams  are  depositing  their  debris 
in  the  bottoms  of  the  valh\vs,  the  granitic  hills  about  the  valley  are 
forming  granitic  sand  which  slowly  works  its  way  down  to  meet  the 
advancing  accunuilation  of  the  river  fill.  Judging  the  past  by  the 
present,  the  outer  edge  of  the  valley  fill  is  composed  largely  of  gra- 
nitic sand  or  arkose.  This  materijil  is  more  or  less  pervious,  and  the 
waters  shed  from  the  hillsides  sometimes  sink  (piicklv  into  it.  Since 
it  is  only  on  the  old  flood  plains  that  impervious  clay  layers  were 
formed,  these  layers,  so  potent  in  the  middle  of  the  valley,  where 
they  are  ])enetrated  by  the  wells,  do  not  exist  near  the  edges  of  the 
valley,  wlu^re  both  clays  and  gravel  beds  pass  laterally  into  the 
accunuilations  of  arkose.  Thus  the  water,  whether  from  the  river,  or 
from  a  tributary  stream,  or  from  a  slu^et  wash  from  the  hillside,  finds 
its  way  always  downstream  into  and  through  the  valley  fill  under- 
neath the  impervious  layers  or  wherever  the  trains  or  sheets  of  gravel 
lead. 

The  gravel  trains  thus  form  a  network  through  the  valley  fill,  con- 
necting the  principal  bowlder  beds,  and  leading  back  in  every  case 
to  the  stream  which  formed  them.  It  is  evident,  therefore,  that  the 
underflow,  although  seemingly  divided  \}y  impervious  layers,  is  one 
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body  of  water,  although  the  avenues  of  communication  may  be  ex- 
tremely tortuous  and  complicated.  It  thus  results  that  the  water  of 
the  underflow,  whether  from  an  upper  or  an  under  stratum,  rises  to  a 
definite  level  which  forms  a  comparatively  uniform  "water  table," 
the  gradient  and  local  variations  of  the  table  being  due  to  the  varying 
resistance  offered  by  the  gravels  to  the  passage  of  the  watei*. 

THE  PHOKNIX  REGION. 

The  physical  features  of  the  Phoenix  region  differ  in  but  few  im- 
portant respects  from  those  of  the  Mesa  region,  and  need  Ix?  described 
only  in  so  far  as  they  differ  in  some  essential  manner.  The  principal 
part  of  this  area  consists  of  a  broad  plain,  sloping  gently  southward 
to  Salt  River.  Cave  Creek  enters  the  region  from  the  north,  and  is 
lost  upon  the  plain  in  a  manner  resembling  that  of  Queen  Creek  in  the 
Mesa  region.  At  the  western  l)order  of  the  region  the  Agua  Fria  and 
New  River  have  definite  channels  extending  over  the  plain  to  join  the 
Gila. 

DISTRIBUTION    OF  MATERIAL. 

At  the  eastern  border  of  the  region  granites,  lavas,  and  the  older  sedi- 
ments occur,  as  described  in  Chapter  II.  From  Tem*pe  westward  to 
the  Crosscut  canal  and  thence  northward  and  westward  the  valle}-  fill 
abuts  more  or  less  abruptly  against  the  older  formations.  The  asylum 
well  penetrates  gravels  to  the  depth  of  110  feet  without  reaching  bed 
rock,  while  2  miles  to  the  east  bed  rock  appears  at  the  surface.  In 
the  Murphy  well,  325  feet  deep,  115  feet  of  valley  fill  is  penetrated, 
below  which  the  breccia  is  encountered.  Two  miles  to  the  east  the 
breccia  emerges  from  the  surface  to  form  the  buttes  north  of  Tempe. 

In  the  southern  portions  of  the  region  near  the  river  the  valley  lill, 
as  indicated  by  the  well  records,  is  composed  mainly  of  river  gravels 
and  bowlders.  It  appears,  from  the  occurrence  of  gravels  in  the 
Heard  and  McCallum  wells,  that  the  bowlder  bed  continues  well 
southward  toward  the  mountains.  This  southward  extension  is  in 
harmony  with  the  southward  trend  of  the  streams  at  the  present  time, 
as  well  as  the  southward  trend  of  the  ancient  river,  as  indicated  l)y 
the  bowlder  beds  and  the  underflow  of  the  Mesa  region.  While  it  is 
always  unsafe  to  make  predictions  in  matters  so  uncertain  as  under- 
ground conditions,  the  indications  so  far  as  known  point  to  more  favor- 
able conditions  for  pumping  south  of  Salt  River  than  north  of  it. 

A  study  of  the  well  recoi'ds  in  the  light  of  what  has  already  been 
said  respecting  surface  oscillations,  and  the  resulting  stages  of  degra- 
dation and  aggradation,  leads  to  the  belief  that  the  bowlder  bed  under- 
lying Phoenix  is  somewhat  abruptly  terminated  at  the  north,  as  indi- 
cated in  the  section,  PI.  XXI,  li.  The  several  wells  in  the  vicinity  of 
Phoenix   enter  bowlder  beds  dittering  in  no  essential  manner  from 
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those  in  the  Mesa  region  except  that  they  arc,  so  far  as  known,  cot^^' 
pamtively  free  from  cement.  Three  miles  north  of  the  Phoenix 
waterworks,  the  Indian  School  wells  penetrate  no  bowlder  beds  n^'* 
any  material  that  could  not  rationally  be  attributed  to  the  action  ^^ 
small  streams  from  the  north  and  to  wash  from  the  hills.  At  soHi^^ 
point,  therefore,  in  the  3  miles  intervening  between  the  Phoenix  W^'^ 
and  the  Indian  School  there  is  a  transition  from  the  bowlder  bed  *^ 
comparatively  tine  material.  This  transition  has  been  shown  in  tft^* 
section  as  abrupt,  since  the  bowlder  bed  is  regaixled  as  equivalent  ^^ 
the  3'ounger  beds  of  th6  Mesa  region,  while  the  finer  material  cori"^' 
sponds  in  age  to  the  older  Mesa  gravels.  During  the  stage  of  degi**^ 
dation  intervening  between  the  two  periods  of  accumulation  it  i* 
thought  that  a  ])road  valley  was  cut  in  the  older  deposits  similar  t^^ 
that  described  in  the  Mesa  region,  and  that  during  the  later  accumulU-^ 
tion  this  valley  was  not  only  tilled,  but  the  bordering  bluffs  were  burie^ 
by  the  younger  accunuilation. 

North  and  west  of  Phoenix  gravel  beds  are  few,  and  sand,  cement, 
and  wash  make  up  the  principal  part  of  the  valley  till.  While  there 
are  a  great  many  drilled  wells  in  this  region,  there  are  few  for  which 
detinite  records  were  kept.  The  meager  data  obtainable  are  noted  in 
Chapter  I.  Several  wells  reach  gravel  beds,  but  the  extent  of  such 
gravels  is  unknown.  Since,  with  few  exceptions,  the  wells  are  small, 
])eing  intended  only  for  domestic  use,  they  do  not  penetrate  through  the 
gravel  beds.  A  few  wells,  such  as  the  Hartlett  well,  tlie  Kellner  well, 
and  the  Indian  School  wells,  have  been  sunk  deep  enough  to  indicate 
that  the  bowlder  beds  of  the  southern  part  of  the  Phoenix  region  do 
not  extend  far  to  the  north.  No  accurate  record  of  either  the  Bartlett 
well  or  the  Kellner  well  is  obtainable.  It  is  thought,  however,  that 
had  bowlder  beds  been  encountered,  tlic^ir  presence  would  l)e  known, 
if  for  no  other  reason,  because  drilling  machinery  such  as  was 
employed  in  constructmg  these  wells  has  proved  inadequate  to  go 
through  bowlders  such  as  are  found  in  the  southern  part  of  the  region. 
It  is  probable  that  gravel  ))e(ls  of  consld(*ra))le  volume  occur,  but 
they  seem  to  be  more  or  less  se])arated.  If  water  ])ockets  are  to 
be  found  in  Salt  Kiv(»r  Valley  with  water  under  pressure  sufficient  to 
produce  flowing  wells,  it  would  appear  from  theoretical  considerations 
that  the  northern  part  of  the  Phoenix  region  is  the  place  where  they 
might  reasonably  be  expected:  but  while  many  shallow  wells  have 
been  sunk  in  this  region,  no  well  has  yet  penetrated  to  a  suificient 
depth  to  test  this  possibility.  The  Bartlett  well,  311  feet  deep,  is  the 
deepest  well  put  down,  and,  according  to  the  best  account  to  be 
obtained,  water  under  considerable  pressure  was  encountered. 
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GEOGRAPHIC   CHANGES. 

On  account  of  the  great  importance  of  this  subject  to  those  who  may 
consider  the  construction  of  wells  for  irrigation  purposes,  emphasis 
is  put  on  it  at  the  risk  of  repetition.  During  stage  B  (see  iig.  14) 
a  thickness  of  more  than  1,300  feet  of  ddbris  was  deposited  in  the  Mesa 
region,  closing  with  the  great  bowlder  beds.  During  the  greater  part 
of  this  time,  and  perhaps  until  the  close  of  stage  B,  Salt  River  flowed 
east  of  Salt  River  Mountains.  The  Phoenix  region  in  the  meantime 
was  without  the  controlling  influences  of  Salt  River.  Its  aggmdation 
was  due  to  wash  from  the  hills  and  to  the  debris  of  comparatively  small 
streams.  The  material  thus  brought  into  the  valley  was  comparatively 
fine;  some  of  the  larger  streaius  formed  gravel  beds,  but  no  great 
accumulation  of  bowlders  took  place.  During  stage  C  Salt  River  was 
flowing  in  or  near  its  present  course  north  of  Salt  River  Mountains, 
and  was  cutting  away  the  deposits  previously  laid  down,  and  at  the 
same  time  was  deej^ening  a  passage  through  the  rock  ridge  nearTempe. 
This  passage  is  narrow,  as  would  naturally  be  expected,  on  account  of 
the  hardness  of  the  rock. 

During  the  second  period  of  accumulation  (D)  the  new  channel,  or 
secondary  valley,  was  filled,  as  was  the  case  in  the  Mesa  region,  and 
8in(*e  this  secondary  valley  in  the  Phoenix  region  was  now  the  course 
of  the  river,  it  was  filled  principally  with  coarse  material,  and  to  an 
extent  suflScient  to  })ury  the  bluffs,  obliterating  from  the  surface  all 
evidence  of  such  a  valle\'.  The  recent  river  accumulations  of  the  Mesa 
region  and  the  bowlder  beds  of  the  Phoenix  region  are  regjirded  as 
exjuivalent  and  directly  connectod  through  the  comparatively  narrow 
passage  at  Tempe. 

WATER   TABLE. 

From  what  has  been  written  it  appears  that  the  water  table  of  the 
Phoenix  region  assumes  neither  the  definiteness  nor  the  importance  of 
the  water  table  in  the  Mesji  n^gion,  where  there  is  free  communication 
between  the  wat<'r-bearing  formations.  At  certain  points  in  the 
Phoenix  region  eomnuinication  seems  to  be  wanting,  as  is  shown  in 
the  Indian  School  well;  at  other  places  comnumieation  is  poor.  The 
water  supply  in  the  iiortliern  part  of  the  Phoenix  region  is  compara- 
tiveh'  limited,  and  yet  tliere  is  an  inclination  of  the  water  table  in 
places  of  20  fVet  or  more  to  the  mile.  Such  a  gradient  could  scarcely 
be  maintained  iinlrss  (he  [)assages  through  which  the  water  finds  exit 
presented  formidable  obstructions. 
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EXTENT  OF   BOWLDER  BEDS. 

The  northern  boundary  of  the  bowlder  bed  west  of  Phoenix  is  not 
known.  The  Harris  well  is  7  miles  west  of  Phoenix  and  5  miles  north 
of  the  river;  the  ostrich-farm  well  is  9  miles  west  of  Phoenix  and  5  miles 
north  of  the  river;  and  the  Kellner  well  is  14  miles  west  of  Phoenix. 
The  bowlder  bed  of  the  southern  part  of  the  Phoenix  region  was  not 
encountered  in  either  of  these  wells.  It  is  probable  that  the  bowlder 
bed  will  not  l>e  found  much,  if  any,  north  of  the  Salt  River  canal. 
Them^e  noithward  the  chances  of  finding  water  sufficient  for  successful 
pumping  plants  grow  progressively  less,  (1)  because  of  the  increas- 
ing depth  to  water;  (2)  because  of  the  scarcity  of  water-bearing  mate- 
rial; (3)  because  of  the  limited  supply  of  water;  and  (4)  because  of 
the  evident  want  of  easy  communication  between  the  various  beds  of 
water-bearing  material.  So  far  as  known  the  underground  water 
throughout  the  Phoenix  region  is  amply  sufficient  for  domestic  use. 
Certain  wells  would  proba]>ly  3Meld  a  moderate  supply  for  irrigation 
for  a  time.  It  is  evident,  however,  that  a  pumping  plant  to  be  perma- 
nently successful  must  })e  in  such  a  position  as  to  draw  freely  from  the 
underflow  of  the  river,  the  only  permanent  and  adequate  supply. 
Extensive  pumping  would  soon  exhaust  the  limited  supply  from  the 
north.  If  my  interpretation  of  the  underground  conditions,  as  indi- 
cated in  tlie  history  of  the  valley  fill  and  prCvSented  graphically  in 
the  section  across  the  valley  (PI.  XXI),  be  correct,  it  is  probable  that 
pumping  on  an  extensive  scale  would  not  be  permanently  successful 
anywhere  north  of  an  east- west  line  passing  1  or  2  miles  north  of 
Phoenix. 

South  of  this  line,  however,  there  is  every  indication  that  pumping 
plants  could  be  successfully  operated.  The  known  volume  of  the 
bowlder  bed  near  Phoenix  indicates  that  a  similar  volume  is  to  be 
expected  downstream.  The  great  productiveness  of  the  pumping 
plants  now  in  operation  near  Phoenix,  described  in  Chapter  I,  indicates 
an  abundant  water  supply  wherever  the  bowlder  bed  is  found.  The 
readiness  of  movement  evidenced  by  the  large  output,  and  the  rapidity 
with  which  the  water  regains  its  normal  level  in  the  wells  when  the 
pumps  stop,  indicate  conditions  most  favorable  for  profitable  pumping. 
The  return  of  the  underflow  to  the  surfa(*e  a  few  miles  west  of  Phoenix 
and  thence  westward,  making  a  surface  flow  of  considerable  volume  in 
the  Buckeye  region,  indicates  a  volume  of  underflow  which  promises 
permanency  of  supply. 


CHAPTER  IV. 


ECONOMICS. 

It  remains  to  inquire  into  the  practical  application  of  the  informa- 
tion presented  in  the  preceding  chapters.  The  end  in  view  is  the 
determination  of  the  quantity  of  underground  water  available  for  irri- 
gation, its  adaptability  for  use  in  irrigation,  and  the  best  means  of 
obtaining  it.  To  this  end  I  shall  consider  the  area  in  which  the  under- 
flow occurs,  the  chemical  character  of  the  waters,  the  volume  of  the 
underflow,  the  cost  of  pumping,  and  the  lociition  of  pumping  stations. 

ARK  A  OF  PROFITABI^K  PUMPING. 

The  utility  of  pumping  plants  is  determined  largely  by  two  consid- 
erations: First,  the  lift;  and,  second,  the  freedom  of  movement  of  the 


Fio.21.— Map  of  Salt  River  Vulley,  showing  area  beneath  which  water  in  50  feet  or  less  below  surface. 

underground  waters.  The  limit  of  lift,  or  total  height  to  which  the 
water  may  be  profitabh-  niised,  can  only  be  determined  by  the  cost  of 
pumping  and  the  value  of  the  water  obtained.     With  certain  crops 
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water  yields  larger  returns  than  with  others.  On  the  other  hand,  there 
are  localities  in  the  valley,  as  shown  in  the  last  chapter,  where  pump- 
ing plants  can  not  secure  water  from  the  gravels  rapidly  enough  to 
make  their  operation  profitable.  The  underground  conditions  are  so 
variable  that  the  selection  of  sites  for  pumping  plants  must  depend 
largely  on  experiment  in  eac^h  case.  In  tig.  21  is  indicated  the  area 
where  pumping  plants  would  probably  be  profitable  and  the  area 
where  their  success  would  be  doubtful.  The  line  of  demarcation  can 
not  be  accurately  drawn  at  present  and  the  map  should  not  be  inter- 
preted in  this  regard  too  literally. 

The  delimitations  dependent  on  the  lift  can  be  drawn  with  more 
accuracy.  Assuming  a  lift  of  65  feet  as  the  maximum  for  economic 
pumping,  and  assuming  15  feet  as  the  average  local  depression  of  the 
water  table  in  the  wells  through  the  action  of  the  pumps,  it  follows 
that  the  boundary  of  the  area  thus  denoted  is  the  contour  indicating 
a  depth  of  50  feet  to  water.  The  contour  maps  now  available  do  not 
cover  the  southern  portion  of  the  area  indicated.  The  boundaries 
are  taken  from  the  contour  maps  as  far  south  as  the  base  line;  south 
of  that  line  tlie  boundaries  are  approximately  correct.  The  outline  of 
the  area  in  Gila  Valley  indicating  an  approximate  depth  of  50  feet  to 
water  is  also  appended.  This  outline  is  taken  from  a  map  included  in  a 
former  paper  by  the  writer  on  the  underground  waters  of  Gila  Valley." 

CIIKMICAL  CHARACTER  OF  GROUNl>  WATER. 

The  water  analyses  ([uoted  in  this  paper  were  made  for  the  most 
part  at  the  chemical  laboratory  of  the  Arizona  Experiment  Station  at 
Tucson,  by  Prof.  R.  H.  Forbes  and  W.  \V.  Skinner.  In  addition  Mr. 
Thos.  H.  Means,  formerh^  of  the  United  Stiites  Department  of  Agri- 
culture, has  kindly  furnished  a  table  of  analyses  made  by  himself  some 
\'ears  ago.  In  so  far  as  the  analyses  apply  to  the  waters  of  Salt  River 
Valley  they  are  gathered  into  the  following  tables,  arranged  according 
to  the  methods  of  analvsis: 


rt  Ia'o,   W.  T..  rndcrgnmnd  waters  of  Gilu  Valley,  Arizona:  Water-Sup.  and  Irr.  I'aper  No.  104, 
I'.  S.  Ge<jl.  Survey,  19(M. 
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Analyses  of  ivaters  in  Salt  Riiur  Valley  by  electrical  method. 
[Data  furnished  by  Thas.  H.  Means.] 


Ti-mpe  ditch  ..| 


Jenkins  ditch  . 

Do 

Do 

Well 

I'nnal 

Well 

Do 

Do 

Do 

Do 

Canal 

Well 

Do 

Do 

t'anal 

Well 

Do 

Springs 


1  mile  8oath  of  Tempe  . . . 
I  mile  ea8t  of  Bell  Butto 

....do 

....do 


..    Sec.  33.  T.1N.,R.  4  E..  just  below  canal. 


.do. 


Sec.  3,  T.  1  S.,  R.  4  E..  i  mile  .south  of  date  orchard  . 

!  Sec.27,T.l  S.,  R.  4  E.,  Harmon's  place 

I  Sec.  19,  T.  IN.,  R.  4  E.,  Reed's  place 

Sec.  27,  NE.  i  NE.  i,  T.  1  N..  R.  4  E..  Rice  place 

'  Sec.  35,  SE.  i  SW  i,  T.  1  S.,  R.  4  E 

I do 


Salt  River.. 

Do 

Well 

Salt  River . . 

Well 

Ditch 

.Salt  River  . . 
Well 

Do 

Salt  River . . 

Canal 

Well 

Do 

Do 

Draw 

<;ila  River.. 

Canal 

Well 

Gila  River.. 


Sec.  24,  SE.  iSW.  i.  T.  1  N.,  R.  5  E 

Sec.  19.  NE.  i  SE.  i.  T.  1  N..  R.  5  E 

i  Sec.  2,  NW.  comer.  T.  IS.,  R.  6  E 

Sec.  36,  T.  1  N..  R.  5  E.,  Consolidated  canal 

Sec.  12,  NE.  comer,  T.  1  S..  R.  6  E 

I  Pumping  plant  below  Highland  canal.  ea.st  of  Mesa  — 

Sec.  13.  T.  1  N..  R.  4  E.,  springs  along  Salt  River  seeping 
from  gravel. 

Sec.  13,  T.  1  N..  R.  4  E 

At  Tempe  Bridge 

Sec.  13,  NE.  i  NW.  J,T.  IN..  R.  4  E 

•Above  intake  of  Tempe  canal 

1  Sec.  9,  SW.  ISW.  i,T.  1  N..  R.  4  E 

I  Sec.23,T.  1  N..  R.  3  E..  south  side 

Southwest  of  Phoenix 

Sec.  6.  SW.  corner,  T.  1  S..  R.  6  K 

Sec.  9,  SW.  i  SW.  i.  T.  1  N..  K.  3  E..  brickyanl 

i  Sec.  19.  SW.  comer.  T.  1  N.,  H.  2  E 

St.  Johns  canal.  ni(;ridiiin  line 

'  Sec.  9.  T.  1  N.,  R.  3  E..  south  of  S.  P.  depot 

T.  1  N.,  R.  1  E 

vSec.  13,  NW.  i  SW.  i.  T.  1  N..  R.  1  K 

I  Emptying  into  (iihi  Kivcr  2  miles  al>ove  Agua  Fria 

At  initial  monument 

,  St.  Johns  canal 

}  mile  north  of  initial  monument 

I  i  mile  west  of  initial  monument 


I  I 

Depth  I  Parts  of  |  Parts  of 
to      I  NasCOa     solids  in 
water,  in  100,000.,  100,000. 


Feet. 


'\ 


{") 


30  ' 
15  , 


50  , 


13  i 


40 
1-^  , 


'I  Rises  to  surface. 


ORIGIN  OF  SALTS. 


SALTS   IN    WELL    WATER. 


5.8 


105 
209 
195 
211 
258 
115 
251 
160 
265 
209 
167 
111 
179 
161 
213 

99 
436 

92 
167 

152 
123 

189 
113 
158 
loO 
135 
184 
179 
131 
144 
177 
305 
277 
'li^H 
169 
159 
213 
158 


An  inspection  of  the  chemical  analyses  of  well  waters  and  a  com- 
parison of  them  w  ith  analyses  of  tlic  river  water  given  below  reveals  a 
remarkable  similarity  in  the  salt  content.  Since  the  debris  contributed 
by  Salt  River  is  the  principal  source  of  the  valley  till,  we  naturally 
look  to  Salt  River  as  the  source  of  the  salts  found  in  the  sediment. 
The  accompanying  table  by  Professor  Forbes^  indicates  the  character 

aForbos,  R.  H..  The  river  irrigating  waters  of  Ari7X)na:  University  of  Arizona  Agric.  Exp.  Sta.  Bull- 
No.  44, 1902,  p.  174. 


IHB  136—05- 


-10 


14(>        rNDERGROUND    WATERS    OF   SALT   RIVBR  VALLEY.       (ku.  IM. 


of  Salt  Kivor  water.  The  salts  of  the  valley  fill  are  regarded  as  con- 
centrations by  evajwrntion  from  the  river  waters.  A  study  of  the 
conditions  as  they  exist  in  and  neair  the  river  bed  at  the  present  time 
throws  some  lijjht  upon  the  manner  of  concentration. 

0>i/i/ww»i7imi  o/  tht  imttrn  of  Salt  Rim, 

[SampU's  taken  at  tlio  rousoliiiatcil  Canal  (\)in|iHny'i4  office.  Mem,  Arix.,  rei>reflentiiig  the  Aiiiont 

Canal  dam  wipply.] 
PARTIAL  ANALYSFX 


III 


-  i  *   •  .^  c  S 


ml 


S3 


eg 


ml 


Hi 


i»i5 


£   CO  A       *S      .       ■-   W  nj 


Silt,  ptT  <»'nt  by  wel^hi 0.  ifJ 

Soluble  s)ll«ls.  parts  in  llKMMK) 72. 40 

ContJiininL'  rhlorine  sluleil  as  e«)nHnon 

salt,  NaCl ,    46.2 

ContaininR  alkalinity  .stated  Hs  sodium 


CotitaininK  permanent  hiirdnes.s  stal«'d 
as  laleiuni  sulpbal*',  (aSO^ 

Nltr(»Ken.  parts  in  l,0(K).()aO: 

Total  nitrogi-n  in  silt  and  water 

Nitn«Ken  in  nitnites 

Nitrogen  in  nitrites 


eV  U4 
l.:« 


o.9r» 

110.(10 


o.t»yfi 

114.20 


72.  y 


1.2 


0.714 
95.10 


r>i.9 


0.02.%  I    O-OH 


y9ft.i& 


2.45    1    2.12 


5.43 


13.70 


4.[^i\     '  12.19        J.  96 

1.48    1 

1.80 

1.90    1     1.52     !     1.21 

.67    ' 

.78 

Truces  nearly  a hvay.s. 

COMTLETK  ANALYSKS  OF  SOLl'BLK  SALTS,  STATKD  HY  IONS. 
(Parts  in  1(K).000  of  water  ] 


8(Mlium,  Na 12. 2 

rotas*.lum,  K 1 .  29 

Calcium.  Ca 6.79 

Magnesium,  Mg 1 .  74 

Chlorine.  CI 27.99 

Snlphurie.  .SO* 9. 79 

Carlxonie,  CO., ' 15. 45 

Silieie,  SiO., '      2. 06 


is.:i 

27. 45 

1.41 

1.09 

10. 2 

7.24 

2.:« 

2.79 

31.57 

44.11 

4.81 

7.27 

15.45 

8.02 

l.U 

5.8:i 

oO.  W 

32. 7    1 

40.73 

i.:»3 

1.23  ; 

1.12 

4.0'.' 

4.37  ! 

6.51 

2.  Si 

2.V»2 

3. '28 

40.  % 

43. 75 

59.  U 

7  48 

7.64 

9.19 

11.71 

11.51 

13. 15 

4.  To 

5. 29 

3.56 

COMPLETE  ANALYSE.^  OF  SOLUBLE  SALTS  CALCULATED  TO  COMPOUNDS. 
[Part*  in  100.000  of  water.] 


Sodium  silicate,  NaoSiOj |      3. 31  I      1. 79 

S(Mlium  chloride.  NaCl ,    27. 84  !    42. 80 

Sodium  .sulphate,  Na-.SO* , 

Sixliura  earl>onate,  Na-;CO  3 \ , 

Potassium  chloride,  KCl 1      2.45 

Pota.«.sium  .sulphate.  K-SO4 ' 


9.35  ' 
60.  K4  i 


1.80 
2.69 


2.07 


Magnesium  chloride.  MpCL 6. 88  j      5. 81 


8. 34  , 


Magne.*'ium  earbt'jnate,  MgCO^ !      3. 03  ,      2. 37  I 

Calcium  chloride,  CaCl- ....1      7.50  ! 


Calcium  sulphate.  CaSO^ 

Calcium  carlx>nate,  CaCOa  ... 


13.87 


6.82  I    10.30  , 
20.48  i    10.63  I 


7.  46 

KriO  ' 

5.69 

67.54 

72.16  , 

98.04 

4^97 

3.16 

.07 

3.40        2.74  1        2.50 
9.93  I    10.21  I      11.49 


3.18  ;      5.37  1      11.00 
7.71  1      7.00  I        8.20 
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In  certain  localities  along  the  river  the  surface  of  the  underground 
wat^r  is  so  near  the  land  surface  that  evaporation  takes  place  readily. 
Water  from  the  river  directly  or  from  the  underflow  is  continually 
finding  its  way  into  these  localities,  bearing  its  burden  of  soluble  salts, 
and  escaping  from  the  surface  by  evaporation,  leaving  its  load  of  salts 
behind.  Localities  which  have  been  thus  affected  are  found  near 
Tenipe  (PI.  XXIII,  A)  and  in  many  places  in  Gila  Valley.  Floods 
may  remove  these  deposits  of  salt  or  may  ))ury  them,  according  to 
circumstances.  At  the  present  time  both  results  are  being  a,ccom- 
plished.  The  constant  shifting  of  the  river  channel  causes  a  corre- 
sponding shifting  of  degradational  and  aggradational  localities. 
Where  the  aggradational  proce^sses  predominate,  a  notable  amount  of 
the  accumulated  salts  are  necessarih'  buried. 

SALTS   IN   RIVER   WATER. 

The  origin  of  the  salts  contained  in  the  river  water  presents  a  dif- 
ferent problem.  It  has  recently  been  demonstmted  by  M.  O.  Leigh- 
ton  and  his  assistant,  Sheldon  Baker,^  of  the  United  States  (ieologic4il 
Survey,  that  the  common  salt  so  abundant  in  Salt  River  is  probably 
due  to  large  salt  springs.  Several  springs  were  found  along  the  upper 
reaches  of  Salt  River  whose  water  is  described  as  a  weak  brine.  The 
water  is  also  strong  in  carbonates,  as  evidenced  b}'  large  tmvertine 
<lepo8its  at  the  point  of  issuance.  Iron  is  also  abundant  in  the  water 
and  is  deposited  near  the  springs  as  red  oxide.  The  carbonates  con- 
tained in  the  waters  are  probably  due  in  part  to  the  limestones  drained 
bv  Salt  River  and  its  tributaries  and  in  part  to  the  decomposition  of 
the  granitic  rocks  in  its  basin.  The  sodium  carbonate,  or  "black 
alkali,^'  seems  to  be  due  to  the  decomposition  of  the  igneous  rocks. 
It  will  be  noted  that  the  river  water  is  ordinarily  lacking  in  black 
alkali,  but  that  it  is  contained  occasionally  in  flood  waters.  Jt  is  the 
belief  that  this  is  due  to  the  fall  of  rain  upon  some  alkali-charged  slope 
or  mesa  which  is  seldom  visited  ))v  rains  in  sufficient  quantity  to  carry 
away  the  soluble  salts.  Specific  examples  are  given  })y  Professor 
Forbes*  as  follows: 

For  the  period  from  September  2  to  17,  during  which  a  flood  occurred,  the  salts 
were  greater  than  in  the  low  water  preceding  and  following.  The  alkali  in  this 
water  was  also  distinctly  black  in  character.  These  circumntanccs  indicate  that  this 
flood,  which  was  due  to  heavy  rainfall  on  the  lower  half  of  the  Verde  River,  wiished 
large  surface  accumulations  of  salt^  from  a  black-alkaline  district  into  the  drainage. 
To  a  less  degree  the  same  holds  true  of  the  small  flood  from  August  16  to  22.  In 
most  instances,  however,  during  flood  time  the  soluble  salts  more  or  less  abruptly 
decrease  oppositely  to  increasing  sediments.  Mountain  rainfall  such  as  was  that  of 
August  and  October,  1899,  and  May,  1900,  is  evidently  responsible  for  this  freshen- 
ing of  the  water.  Mountain  rainfall  in  southern  Arizona  is  more  abundant  than 
upon  the  level,  lower  deserts.     The  higher  watersheds,  being  better  drained,  afford 


aPersonal  communication.  6Forbes,R.H.,  op.  cit,  p.  166. 
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fre»h(T  water.  The  leHH  friNpient,  thuii^h  often  eikpioiui,  floodp  which  swe(*p  the 
lower  levelH  carry  much  accniniilate<l  Hihihle  sah  into  the  drainage,  which  is  often 
thuH  rendered  Ktron^^ly  sa]in(>. 

EFFECT  OF  SALTS  ON  VEGETATION. 

EFFKCT   IN   ARIZONA. 

Thero  is  a  widos])road  opinion  anion<r  water  users  of  Salt  River 
Valley  that  the  waters  of  the  underflow  are  injurious  to  vegetation. 
The  evidence  on  this  (|uestion  is  conllietin^.  It  is  probable  that  too 
little  is  known  of  detenninint^  conditions  in  Salt  Kiver  Valley  to  draw 
any  general  conclusion  at  the  present  time.  The  character  of  the  soil, 
the  manner  of  manipidation,  and  the  kind  of  iTop  should  be  considered 
as  well  as  the  character  of  tht*  water.  Professor  For])ed'»  has  studied 
this  <juesti<m  and  concludes  that  waters  containing  moi*e  than  100  parts 
of  soluble  salts  in  loojMM)  parts  of  water  "are  liable  in  a  few  years 
to  cause  harmfid  accumulations  of  alkali." 

On  the  other  hand  there  are  many  instancies  of  land  irrigated  with 
pumped  water  alone  where  no  detrimental  etfects  can  ]>e  detected. 
The  Collins  well  has  su])plied  land  entirely  with  irrigation  water  con- 
taining !;*)(>  parts  of  soluble  salts  in  HM),(HM)  ]>arts  of  water,  for  several 
years,  with  no  detrimental  etT(»ct  that  can  be  detected.  Doctor  Kunz's 
garden  has  had  no  wat(»r  for  Hvt»  years  otlier  than  well  water  contain- 
ing 22*^  parts  of  salts.  The  court-house  yard  in  Phoenix  ha.s  ])een 
irrigated  for  about  twenty  years  with  well  watiM*  alone,  containing 
from  [02  to  Wi  parts  of  salts.  The  Indians  at  the  western  end  of 
the  Pima  Reservation  have  used  the  seepage  water  from  Salt  River, 
containing  about  ::^0(»  partsof  salts,  for  many  year>.  Land  upon  which 
this  water  has  been  used  continuously  at  Irast  since  tlic  Indians  came 
under  the  su|M»rvision  of  th(»  white  men.  about  thirty  years  ago,  is  at 
tin*  present  time  the  most  productive  land  on  tin'  res(Mvation. 

The  sodium  carbonate  (black  alkali)  is  the  salt  most  feared  by  those 
who  ()))ject  to  the  use  of  pumped  water.  It  will  be  noted  from  an 
inspection  of  the  tables  that  no  sodium  carbonate  is  found  in  tlu^  under- 
flow from  which  the  great  proportion  of  the  pumped  water  is  to  be 
s(»cured.  The  sodium  (!ar))()nate  is  found  only  in  the  tM)m[)aratively 
unimportant  surface  waters  in  the  Mesa  region  and  in  the  Phoenix 
n^gionand  is  north  of  the  area  in  which  irrigation  waters  can  prol)abh' 
be  pumped  with  profit.  It  is  mident,  therefore,  that  the  <iuantity  of 
this  salt  which  would  probably  find  its  way  into  waters  pumped  for 
irrigation  is  too  small  to  be  seriously  considen'd. 

The  effects  of  accumulation  of  salts  in  the  soil  is  plainly  marked  in 
certain  parts  of  the  valley.  A  considerable  part  of  the  land  south  of 
Tempe  is  barren  in  places  and  covered  with  white  incrusbitions  of  salt 

"  Forbes.  K.  11.,  op.clt.,  p.  IttC. 
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(PI.  XXIIl,  ^1).  Some  of  this  land  has  been  under  cultivation,  and 
has  l)een  abandoned  on  account  of  the  accumulations  of  alkali.  It  is 
in  this  region  that  the  Bureau  of  Soils  has  leased  a  tract  of  land  for  the 
purpose  of  demonstrating  the  methods  of  reclaiming  alkali  land. 

EFFEC^r   IN   EGYl'T. 

Wati^rs  much  more  saline  than  those  of  Salt  River  Valley  may  be 
used  for  irrigation  if  used  properly,  as  is  shown  by  the  following 
extnict  from  a  circular  })y  Mr.  Means:'' 

During  the  Hiiminer  of  11K)2  a  representative  of  the  Bureau  of  Soils  visited  tlie 
oasi»s  of  the  Oued  Rihr  country  in  the  Desert  of  Sahara  in  eastern  Algeria.  In  these 
oasen  artesian  waters  carrying  very  large  (juantities  of  soluble  matter  are  usetl  suc- 
('(^ssfully  for  irrigation.  From  the  information  gathered  there,  and  from  experience 
in  this  oomitry,  it  seems  that  the  amount  of  soluble  matter  allowable  in  an  irriga- 
ti(m  water  has  Ixjen  greatly  underestimated  by  American  writers,  and  that  many 
sourees  of  water  which  have  lu'en  C(mdemrie<l  can  be  used  with  safety  and  success, 
provide*]  the  i>roper  precautions  are  taken  to  jirevent  the  accumulaticm  of  the  salts. 
As  the  preirautions  are  those  whi<'h  should  be  taken  by  every  irrigator,  even  if  pure 
water  is  use<l,  it  seems  an  important  matter  to  bring  before  the  American  i)eople  the 
inetho<ls  in  use  in  the  Sahara. 

The  staple  crop  grown  by  tluj  Anibs  in  the  oasis  country  is  the  date,  the  fruit  of 
a  palm  tree  known  to  Ix?  one  of  the  plants  most  resistant  to  alkaline  or  saline  condi- 
tions of  the  soil,  but  in  addition  to  this  considerable  quantities  of  the  deciduous 
fruits,  garden  vegetables,  and  alfalfa  are  pro<luced  for  home  consumption. 

Some  of  the  vegetables  successfully  grown  are  those  considered  sensitive  to  alkali, 
and  yet  they  were  being  irrigated  with  water  containing  in  some  instances  Jis  much 
as  8()0  |)arts  of  Sf)hible  salts  to  100,000  parts  of  water,  sometimes  as  high  as  50  jht 
CHit  of  the  salts  being  sodium  chloride. 

The  limit  of  concentration  for  irrigation  water  in  the  Tnitefl  States,  even  where 
only  the  most  resistant  (icld  (Tops  an^  to  bi'  grown,  has  U'en  j)laced  by  some  author- 
ities at  30  j>arts  sodium  t-hloridc  (<M)iiiinon  salt)  or  sodium  carbonate  (black  alkali), 
and  at  from  170  to  .SOO  parts  of  the  less  harmful  salts,  j>er  1(K),(X)0  of  water. 

*  «  *  *  *  *  K 

The  fact  that  the  Aral)s  in  Algerian  oases  are  a<*tually  growing  sensitive  plants  by 
the  aid  of  irrigation  waters  ('«)nt:iiniiig  from  MK)  to  S(K)  parts  of  s<.)luble  salts,  in  some 
instances  50  |K*r  cent  sodiuni  chloride,  slu>ws  that  tlu^  Hureau  has  Invn  on  the  con- ' 
servative  side  in  its  cstiinatrs  and  sluniM  encourage  a  more  hoj)vful  feeling  among 
the  jx»ople  occuj)ying  areas  where  oidy  alkali  water  is  available  for  irrigation. 

The  prercHpiisite  to  the  use  of  wattT  of  high  salt  content  in  irrigation  is  the  knowl- 
edge that  the  methods  employed  nre  opj»osed  to  the  teachings  (»f  m<»st  American 
writers  on  the  subject.  Those  who  place  the  low  limit  (»f  siifety  for  alkaline  irriga- 
tion waters  have  taught  that  where  water  was  badly  alkaline  irrigation  shoul<l  Iw 
sparing.  Th(»y  have  not  insi>tid  on  thonmgh  drainage,  and  they  have  wanuMl  irri- 
gators against  t^)o  frecjuent  irri;zation.  With  such  j>ractice8  the  limit  of  concentration 
which  they  set  is  jirohably  high  enough,  an<l  even  then  all  except  the  most  Siindy 
soils  or  those  with  exrej>tionally  good  natural  drainage  would  ultimately  be  damagi^l. 

The  methods  in  the  oaM's  are  (|uite  differi-nt.  The  .\rab  gardens  are  divided  into 
small  plats,  about  L'(M)  feet  s«|uare,  between  which  run  drainage  ditches  dug  to  a  depth 
of  alx)ut  li  feet.     The  soils  bi'lng  very  light  and  sandy,  this  ditching  at  short  intt^rvals 

«  Means,  T.  11..  Tin-  um-  <>i"  iilknliiir  »iiul  Niiliiu'  waters  for  irrigation:  Bur.  Soils  Cin»ular  No.  10,  U.  8. 
JU*;pt.  Agric,  1003. 
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influrefl  tlio  inoHt  rapid  and  thi)roii);li  <lrainn^\  Irripition  is  by  the  check  method, 
and  application  in  ina<l(*  at  leas^t  onco  a  wiH'k,  thoii);h  often  two  wettings  a  week  are 
deenieil  neiMVisary.  A  lar>^^  quantity  of  wator  w  ii!<i><l  at  oai'h  irrijnition.  Thus  a  con- 
tinuouH  niovfnicnt  of  tiie  water  downward  in  niaintaine<l,  and  there  is  little  opportu- 
nity for  tho  Hoil  water  to  Un^onie  more  concent rateii  than  the  water  ati  applied,  and 
the  interval  iM'tween  irri^tionn  Ix'in^  h)  nhort  but  little  accumulation  of  salt  from 
evai)«>rati()n  at  the  surface  takes  plaiv.  What  ci>ncentnition  or  accumulation  does 
iKfur  in  (piickly  corrected  I  by  the  succeed  injj  irrigation. 

The  native  pirdenn  are  Hituate<l  in  the  date  }udin  groves  and  the  vegetables  and 
fruit  are  grown  in  the  imrtial  fe<hade  cat^t  by  Miefie  tnvH.  The  natives  not  only  have 
the  question  of  very  saline  irrigation  wiitern  to  contend  with,  but  the  soils  originally 
are  often  very  alkaline.  In  thret*  years  they  nrlaini  lantl  too  salty  to  grow  the  minor 
cn)ps,  using  the  saline  water  for  that  puriH»SiS  folli»wing  the  same  plan  of  drainage 
and  weekly  irrigation  as  where  cniqts  nrv  gn)wing.  One  ganlen  situated  on  the  side 
of  a  salt  flat  and  originally  very  saline  was  visitinl.  Here  alfalfa  was  in  very  good 
condition,  and  Hg,  ]N»niegninute,  melon,  tomato,  i'al)l)ag(*.  iH>ppt*r,  and  other  plants 
were  grr>wing  luxuriantly.  The  ret'lamation  of  this  plat  by  irrigation  twice  a  week 
hail  taken  thn*t»  yejirs. 

The  irriiration  water  is  all  drawn  from  artesian  wells.  A  numl^r  of  samples  were 
sent  in  to  the  labonitory  for  analysis,  the  n^sults  of  which  an*  shown  in  the  following 
table.  Tlunse  are  fair  average  samples  of  the  irrigation  waters  in  use,  and  do  not 
represent  by  any  means  the  maximum  of  salinity.  Field  ti'sts  showeil  as  high  aa 
81  (>  parts  to  UM),(MK)  of  water  in  actual  use  on  soils  growing  vegetable. 

(fhntii-til  tiinihf^,H  nj  iirtii<i(in  irntcr  Oftitf  in  irr'ujutimj  ijunhug  In  S4ihant  fxijiai,  Afgrria. 

'      Wrll  Mt  Well  lit  JXi*,"  *S 

Cou^-llnunl.  n)asisTiilM*>-     »msls  Kuill      **uf« 


I 


\k'M.  AsH. 


Ben 
Hadrian. 


J«>ns:                                                                                        '  lYrrtHt.  lYrant.  !     fer  cent. 

(\ilciutii  (Ci\) '  V».i»2  ,  4.  19  '            9.86 

i  '  I 

.Magm-sinin  i  Mg ) '  4.  o'J  »>.  0*J               4.  2fi 

Siuliuiii  iNa) '  I4.0:i  i>0.48  \           14.18 

Potassium  (  K  I '  4.  27  2.  .'v')               2.  72 

Sulphuric  aciil  (SO,) :i4.  :{S  21*.  4:1  '           IT.AO 

C'hl«.rim'(('l) ■•  2s.  (Mi  :;ii.L'i             27.(>5 

r.icarbouic  a<id  llKH);,) .5.02  l.:{2             24.34 

Conventi<»Mal  coinliinatiinis: 

(^alciutu  sulplmt*!  (CaSOj '  X\AH  ,  14.2:J             24.90 

Magnesium  Huli.liate  (Mg.S(),) '  i;;.  (i^  24.21*              7.04 

.MagnesnuM  chloride  iMgCI.) '  7.2.".,  4.41              1(>.  72 

I'olassiuin  chloride  (KC'l) 8.12  '  4.4S  '             5.19 

S(.<liuui  bicarbonate  (XallCOg) «>.  1>2  '  l.Sl  |          33.  .>| 

S(Mliuin  chlnrid*' (NaCl) 31. (X>  Tm).  7S  '           12.(>1 

I  1 

Total  snli<ls  in  1(M),(HK)  parts  water (UH.oO  i  40S.  10  i        o71.90 
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QUAI^TITY  OF  UlS^DERCaiOUXD  WATER. 

THE   UNDERFLOW. 
WATER  ENTERING   THE   VALLEY. 

In  order  to  secure  a  measure  of  the  water  entering  the  valley  fill  lus 
undeiHow,  it  would  be  necessary  to  measure  all  streams,  both  perma- 
nent and  intermittent,  as  well  as  the  occasional  waters  entering  as  sheet 
wash  from  the  surrounding  hills.  It  would  be  necessary,  furthermore, 
to  measure  the  quantity  of  surface  water  escaping  from  the  vallej\ 
The  greater  part  of  the  suppl}-  is  from  Salt  River  and  the  total  quantity 
entering  from  this  source  is  known  from  the  records  of  the  gaging 
stations  on  Salt  and  Verde  rivers.  The  amount  taken  from  the  river 
by  the  canals  is  known,  but  the  loss  from  the  valley  during  times  of 
flood  is  unknown  on  account  of  the  want  of  a  gaging  station  at  the 
outlet  of  the  valley.  It  is,  therefore,  obviously  impossible  to  arrive 
in  this  way  at  even  an  approximate  measure  of  the  wat^r  entering  the 
undeiHow.  Other  methods  must  be  resorted  to  in  order  to  obtain  a 
quantitative  estimate. 

RETURN    WATER. 

The  Tempe  canal  diverts  all  the  surface  water  of  the  river  north  of 
Mesa.  Near  Tempe  the  underground  water  returns  to  the  surface, 
making  a  flow  of  about  35  second-feet.  West  of  Phoenix  the  under- 
ground water  again  returns  to  the  surface.  It  is  not  possible  at  pres- 
ent, however,  to  state  what  proportion  of  the  seepage  water  comes 
from  Salt  River,  since  its  underflow  joins  that  from  (lila  River.  It  is 
probable,  howe.ver,  a^  previousl}^  stated,  that  the  underllow  of  tlie 
(lila  is  fed  in  large  measun^  by  the  waters  from  Salt  River  passing  as 
underflow  east  of  Salt  River  Mountains.  In  (iila  Valley  west  of 
Florence  all  the  waters  (livcM-ted  from  thi*  river,  except  during  occa- 
sional floods,  are  s(M'pagc  waters.  The  flow  in  the  (iila  charinel  and  in 
the  Indian  ditches  at  (iila  Crossing  was  SOO  inch(»s  when  measured  on 
August  17,  1H02.  Mr.  M.  M.  Murphy  estimated  the  water  diverted 
by  the  Indian  ditches  east  of  th(^  junction  of  (iila  and  Salt  riv(M*s  in 
January,  11108,  as  :)0n  inelies,  leaving  KiMiO  inches  in  the  river.  The 
smaller  canals  of  Salt  River,  between  Tempe  and  the  liuckeye,  divert 
water  as  follows: 
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Watfr  r*'reifrd  inj  ntnah  vent  of  Phoein.r^  Ariz. 
[Iii(«>rmation  furnislH'fl  by  M.  M.  Murphy.] 


Canal. 

June,  1902. 

Inchft, 

265 

35 

74 

153 

82 

609 

June.lWJ- 

Ix'on 

Ineka. 
Non^ 

Peninsula 

r^ 

I^iiibevt* 

\^^ 

Meridian 

1^ 

Indian 

Total 

(^^ 

• 

-^2 


The  \vinU?r  How  is  al)out  double  the  alK)ve.     Avaihd)le  Huninier  flow  at  the  head    ^^ 
8t.  Johns  ranal  is  400  inches. 

Maximum  winter  flow  (not  AchmI)  at  St.  Johns  is  800  inches. 
Indian  ditches  (m  the  lower  (iila  take  a  minimum  of  400  inches. 

Tlio  luiiount  taktMi  l)v  the  Salt  Hivor  and  Maricopa  canals— join  ^ 
head  -for  June,  11>U3,  averaofed  1,344  inches.  This  is  slightly  mor^ 
than  usual. 

The  amount  divert<»d  hv  the  Buckeye  canal  is  ^iven  by  Mr.  W .  A. 
Apjifar,  as  follows: 

Floir  In  Bticki'ffe  cntuil. 

Second-fet't. 

July,  1902 78 

July,  liH)2" 80 

M  ay  1 4 ,  UK)a 1 29 

May  2.S,  1903 133 

May  24,  1903 128 

Davis''  says: 

The  amount  of  seepage  water  wjus  mea.'^ured  by  Mr.  Cyrus  C.  Rab]>  in  June,  1896, 
and  the  results  showed  in  one  (^se  an  increase  of  over  SO  sccond-fcet  in  a  distant^ 
of  7  miles. 

Code''  states  that  *'the  return  flow  picked  up  by  the  luntd  of  the 
Maricopa  and  Salt  River  canals  in  ordinary  years  is  found  to  approxi- 
mate i)0  cubic  feet  per  second.  This  flow  luis  naturally  decreased 
during  the  pa.st  summer  owing  to  the  scanty  irrigations  nneived  by  the 
Mesa,  Utah,  and  Tempe  lands  above,  and  to  the  gradual  lowering 
of  th(»  underground  supply."     He  states  further  that  — 

at  the  head  of  the  Buckeye  canal,  some  24  miles  farther  down  the  stream,  is  a^ain 
found  a  volume  approximating  in  ordinary  summers  150  cubic  feet  per  second. 
*  *  *  Some  20  miles  below  the  Buckeye,  I  am  told,  another  flow  of  apj)roximately 
50  cubic  feet  per  second  is  t4>  l)e  picked  up. 

a  A  fe-w  days  lator. 

ft  Davis,  A.  P..  Irrigation  near  l»h<H?nix,  Ariz.:  Wator-Sup.  and  Irr.  Paper  No.  '2,  V.  S.  (teol.  Survey, 
1897,  p.  43. 

rCode,  W.  11.,  Irrigation  in  Salt  Kiver  Valley.  »"  Heport  of  irrigation  investigatioiiH  for  1900,  No.  2: 
U.  8.  Dept.  Agrie..  Bull.  104. 1901.  p.  103. 


^RK.l  QUANTITY    OF    WATER.  153 

According  to  Code's  estimate  the  return  water  is  210  second-feet, 
w^hereas  the  estimate  given  above  is  only  150. 

There  is  no  time  for  which  measurements  are  available  for  all  the 
canals  diverting  seepage  water.  The  amount,  however,  of  the  seep- 
ag-e  water  does  not  vary  to  any  great  extent.  The  average  amount, 
th<?n,  according  to  the  best  measurements  and  estimates  available  is 
something  over  150  second-feet,  making  a  total  of  more  than  100,000 
acre-feet  per  year. 

1  f  Code's  estimate  be  accepted  the  return  water  east  of  the  Buckeye 
canal  is  something  over  150,000  acre-feet  per  year.  A  small  part  of 
thin  is  return  water  from  irrigated  lands,  but  the  greater  part  is  from 
the  natural  underground  flow.  A  considerable  but  undetermined  part 
^t  it  is  from  the  Gila  underflow,  but  the  greater  part  is  from  Salt 
River. 

The  seepage  waters  estimated  at  100,000  acre-feet  per  year  are  only 

those  returning  to  the  surface  east  of  the  Buckeye  canal,  and  take  no 

^O'oount  of  a  large  quantity  of  return  water  diverted  by  the  several 

^nals  farther  down  the  river.     Furthermore  no  account  is  taken  of 

^he  quantity  passing  as  underflow  through  the  gravels  at  the  lower 

ei^d  of  the  valley,  at  the  Buckeye  head-gates.     The  100,000  acre-feet 

is  a.  measure  of  the  spill  from  the  top  of  the  underflow — water  which 

the  valley  fill  for  some  reason  is  unable  to  hold.     The  total  volume  of 

uadei-flow  is  therefore  something  greater  than  100,000  acre-feet  per 

y^ar. 

MEASURING    THE   UNDERFLOW. 

8LICHTER'8    method. 

The  most  elaborate  and  scientific  method  of  arriving  at  a  quantita 
tive  estimate  of  the  underiifiound  waters  of  the  valley  is  obtained  from 
the  application  of  81ieliter\s"  method.  On  account  of  the  great  impor- 
tance of  arriving  at  as  accurate  an  understanding  as  possible  of  the 
underflow  and  its  probable  volume,  I  (juote  from  this  paper  such  por- 
tions as  apply  to  the  principles  and  methods  of  procedure.  After  a 
discussion  of  the  principles  relating  to  the  movement  of  underground 
waters.  Professor  Slichter  pi'ocoeds: 

Formula. — The  formuhi  whifh  the  writer  has  devised   for  determining  the  flow 
of  water  through  a  cohinin  of  sand  is  as  follows: 

7  =  0.2012     ,  1'  cubic  feet  per  minute.  (3) 

In  this  formula  7  standn  for  the  quantity  of  water  transmitted  by  the  column  of 
sand  in  one  minute;  f>  is  the  difference  in  pressure  at  the  ends  of  the  columns,  or 
the  head  under  which  the  flow  takes  j)lace,  measured  in  feet  of  water;  s  is  the  areii 
of  the  cross  section  of  the  sand  column,  metisured  in  stjuare  feet;  h  is  the  length  of 


o  Slichter,  Charles  8.,  The  motions  of  underground  waters:  Water-Sup.  and  Irr.  Paper  No.  07.  U.  S. 
Geol.  Survey,  1902,  [>p.  21-30. 
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the  colamn,  in  feet;  d  is  the  mean  diameter  of  the  soil  f^rains,  measured  in  nullime- 
tera,  or  the  so-called  ''effective  size;"  m  is  the  number  which  takes  aoooont  of  the 
friction  between  the  particles  of  water,  and  is  known  as  the  coefficient  of  viscosity  (it 
is  defined  as  the  amount  of  force  necessary  to  maintain  unit  diiferenoe  in  velocity 
between  two  layers  of  water  unit  distance  apart;  its  value,  which  decreases  rapidly 
with  an  increase  in  the  temperature  of  water,  for  temperatures  from  92?  to  100*'  is 
given  in  the  table  below);  iT  is  a  constant  which  depends  upon  the  porosity  of  the 
sand,  and  its  value  for  porosities,  varying  from  26  to  47  per  cent,  has  been  computed 
and  is  given  in  the  table,  page  155. 

Variations  of  the  tnncosity  of  water  with  temperature,  and  the  relaiwe  ftow^  of  water  of 
various  temperatures  through  a  sftU,  50^  F.  being  taken  as  the  standard  temperature 


Tempera- 
ture. 

Coefficient 
of  viwoflity 

RelaUve 
flow,  a 

°F. 

32 

0.0178 

0.74 

35 

.0168 

.78 

40 

.0154 

.85 

46 

.0142 

.92 

50 

.0131 

1.00 

55 

.0121 

1.08 

60 

.0113 

M6 

65 

.0105 

1.25 

70 

.0098 

1.34 

75 

.0092 

1.42 

80 

.0087 

1        1.51 

85 

.0081 

i        1«^ 

90 

.0077 

1        1.70 

95 

.  (X)73 

;        1.80 

100 

.0069 

;      1.90 

«"  Relative  flow  "  meanH  flow  at  a  ifiven  teinpemturo  oompare<l  with  flow  at  50°  F. 
a.s  a  percentage. 
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ContHants  for  various  porosities  of  an  ideal  soil. 
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Porosity  m. 

1 
K 

Log.  A^ 

DIff. 

Colog.  K. 

PtrctfU, 

0.28 

0.01187 

1.9258 

563 

8. 0742 

.27 

.01350 

1.8695 

504 

8.1305 

.28 

.01517 

1.8191 

490 

8.1809 

.29 

.01694 

1.  7701 

502 

8.2299 

.30 

.01905 

1.7199 

467 

8.2801 

.31 

.02122 

1. 6732 

455 

8.3268 

.32 

.02:^56 

1.6277 

430 

8. 3723 

.3S 

.02601 

1.5847 

438 

8.4152 

.34 

.02878 

1.5409 

410 

8.4591 

.35 

.  03163 

1.4999 

407 

8.5001 

.36 

.03473 

1.4592 

400 

8.5408 

.37 

.03808 

1.4193 

377 

8.5807 

.38 

.  04154 

l.:«16 

371 

8.6184 

.39 

.  04524 

,   1.3445 

367 

8.6555 

.40 

.04922 

1.3078 

353 

8.6922 

.41 

.05339 

1.2725 

351 

8.  7275 

.42 

.  a5789 

1.2374 

345 

8.7626 

.43 

. 06267 

1.2029 

339 

8.  7971 

.44 

.06776 

1.1690 

320 

8.8310 

.45 

.  07295 

1.1370 

312 

8.86;^ 

.46 

.  07S38 

1.1058 

329 

8. 8942 

.47 

.  0845.1 

1.0729 

8. 9271 
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If  t  stands  for  temperature  of  the  water  F.,  the  author's  formula,  in  which  t 
coefficient  of  viscosity  has  Ijeen  replace<l  by  an  expression  varying  with  the  temp 
ature  similar  to  that  given  in  the  formula  of  Hazen,  may  be  written  as  follows: 

9=11.3  ^-  [l-fO.0187  (t-'S2)]  cubic  feet  per  minute.  ( 

It  is  seen  from  the  alx)ve  formula  that  the  quantity  of  water  transmitted  bj 
column  of  sand  not  only  deixjuds  ufKjn  the  length  of  the  column  and  the  bead 
water  as  expressed  by  Danny's  law,  but  varies  in  a  most  remarkable  way  with  ' 
effective  size  of  the  soil  grain,  with  the  tenii>erature  of  the  water,  and  with 
porosity.  Since  the  flow  varies  as  the  square  of  the  size  of  the  soil  grain,  this  4 
ment  in  the  formula  has  a  most  important  effect,  as  doubling  the  size  of  the  i 
grain  will  quadruple  the  flow  of  water.  Thus  the  flow  through  a  sand  whose  effect 
size  of  grain  is  1  mm.  is  10,000  times  the  flow  through  a  soil  whose  effective  fliz< 
grain  is  0.01  mm.  The  variation  of  flow  with  temperature  is  also  important,  je 
flow  at  70°  F.  is  al)out  double  that  at  82°  F.  The  variation  in  i>orosity  is  qaii€ 
important  as  the  variation  in  temi)erature. 

From  the  table  on  {)age  155  it  api>ears  that  if  two  samples  of  the  same  sand 
packed,  one  sample  so  that  its  porosity  is  2(5  ptT  cent  and  the  other  sample  so  thai 
porosity  is  47  \>er  (»ent,  the  flow  through  the  latter  sample  will  be  more  than  se' 
times  the  flow  through  the  former  sample.     If  the  two  samples  of  the  same  sand 
packed  so  that  their  porosities  are  30  jwr  cent  and  40  per  cent,  the  flow  through 
latter  sample  will  Ikj  alx)ut  2.6  times  tht^  fli>w  through  the  former  sample.     TIt 
facts  should  make  clear  the  enormous  influence  of  porosity  on  flow,  and  the  ina 
quacy  of  a  fonnula  of  flow  which  does  not^take  it  into  account. 

Part  of  the  expression  on  the  right  side  of  formula  (3)  or  (4)  depends  only  uj 
the  character  of  the  soil  through  which  the  water  is  passing.  KepKsenting  this 
kf  we  have 

il  =  0.2012  -^^=M(P 
and  the  formula  for  the  flow  becomes 

which  is  essentially  Darcy's  formula.  Th(^  constant  Ic  is  the  <]uantity  of  water  tfta' 
transmitted  in  unit  time  through  a  cyliiuler  of  the  soil  of  unit  leiijrth  and  unit  cr 
section  under  unit  difference  in  head  at  the  ends.  We  shall  fr^Miuently  refer  to  it 
the  transmission  constant,  or  merely  as  the  coiii-tant  of  a  soil. 

liatra  of  flow. — It  should  be  especially  noted  that  tlie  velocity  of  flow  througl 
soil  for  the  pres.'^ure  j^nulients  and  size  of  ^rain  that  conniionly  occur  is  excee<lin| 
slow,  and  much  le^^s  than  might  at  tir^t  l)esnp|»ose<l.  Harton  states  that  therateof  fl* 
in  the  san<ls  of  tlu^  Dakota  formation,  from  which  the  remarkable  artesian  wells? 
South  Dakota  draw  their  supply,  does  not  exceed  a  mile  or  two  a  year.  Mr.  E. 
Rogers  n']K)rted  to  the  Denver  Society  of  Civil  Kn^nneers  that  American  estima' 
agree  with  careful  and  exhaustive  stndi(\<  of  French  eni^ineers,  which  showtheav 
age  velo(!ity  in  sands  to  be  about  a  mile  a  year,  or  aljout  an  eighth  (»f  an  iiu^b  a  mi 
ute.  In  .\rizona  the  rate  has  been  figured  out  as  between  one-fourth  and  one-thi 
(►f  an  inch  per  minute,  while  on  Arkansas  River  above  Dodge,  Kans.,  a  ditch  a  m 
long  and  5  feel  below  the  water  table  in  the  sand  devel()i)e(l  a  How  of  about  thn 
eighths  inch  per  minute. 
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VflfMify  of  uxder  in  mmh  of  various  effective  sizes  of  soil  ^rain  and  (he  maximum  flow  (vr 
trtft txta  Usif^ n  t '' m^tml  J* n*  each  soil. 

[Pon^ity,  M  per  cent:  temperature,  50°  F.    Results  for  other  porosities  can  be  found  by  the  use  of 
table  on  i>age  1.*>K,  and  for  other  teiiip4;mhircji  try  ihv  mag  i*f  table  on  page  IM.] 


1^  DlRoiew 

Iprofftril 

grain. 

2.  Velwily. 

preHuitre 
gradient  1:1. 

^.  VHoHly. 

prcswure 
f?radient  1:1. 

i,  VelricU)', 

pr4.';^irrf 
gradient  100 
feet  to  1  mile. 

5.  Mftximum 

flow,  tiT 

transmission 
('on.«(tanl.  k. 

fi.  LoRarlihm 

tpf  iiuni- 
Ix'rs  in  col- 
umn 5. 

7.  Kliidofwil. 

1 

Jttches  per 
mlnntr. 

Milxin  per 

Cuhir/at  jKT 

,     ^"»- 

Milrs  j>cr  year. 

{/car. 

ininntr. 

0.01 

0.0014 

0.  01 13 

0.  0002<) 

0.  000036 

5.  55t)9 

'        .02 

1 

.0054 

.  0452 

.00102 

.000144 

6. 1590  ' 

Silt. 

1       .03 

.0122 

.  1016 

.  00230 

.  000324 

6.5111 

i       .04 

.0218 

.1807 

.  00408 

. 000577 

6.  7610  ' 

'     .a5 

.0340 

.  2823 

.  00638 

.000901 

6.9548  i 

.06 

.0490 

.  4065 

.00918 

.001298 

7.1132  ' 

Very  fino 

.07 

.0667 

.  5534 

.01250 

.0017^) 

7.2471   ' 

sand. 

.08 

.0871 

.  7228 

.01633 

.  002308 

7.3621  ' 

1 

.09 

.1103 

.9147 

.  0206() 

. 002920 

7.  4654  , 

1 

.10 

.1361 

1.129 

. 02551 

.  00:^5 

7.5569 

.12 

.1961 

1.627 

. 03674 

.005192 

7. 7153 

.14 

.2668 

2.  213 

.05011 

.  007065 

7.8491  ' 

.15 

.3063 

2.541 

. 05753 

.008112 

7.9091 

Fine  sand. 

.16 

.3485 

2.  892 

.  06382 

.  009228 

7.  9651 

.18 

.4412 

3.  659 

.  08266 

.01168 

8.0675  ' 

.20 

.5446 

4.518 

.  1021 

.01442 

8.1590  ' 

1 

.25 

.8509 

7.  058 

.  1594 

.  0225.3 

8.3528  ' 

.30 

1.225 

10.  l() 

.  229() 

. 03244 

8.5111 

M  ed  i  n  in 

.35 

1.668 

13.84 

.3125 

.04417 

S.6451 

sand. 

.40 

2.178 

18.07 

.40S1 

.  05768 

8.7610  ' 

.45 

2. 757 

22.  87 

.5165 

. 07300 

8.  8()33 

.50 

3.403 

28.  23 

.  ()377 

.09012 

8.9548 

.55 

4.119 

34.  17 

.771S 

.  1090 

9.  0377 

.60 

4.901 

40.  <M 

.9183 

.  1298 

9.1132 

1 

.65 

5.  751 

47.81 

1.077 

.  1523 

9. 1827 

.70 

6.671 

of).  34 

1 .  250 

.  1766 

9.2471 

Co  arse 

.75 

7.  660 

<>3.  r^;] 

1.435 

.202H 

9.3071 

sand. 

.80 

8.714 

72.  2S 

1.6.33 

.  2308 

9.  .3631 

.85 

9.  835 

SI.  57 

1.843 

.  2604 

9.4157 

.90 

11.03 

91.47 

2.  (XJ6 

.  2920 

9.4654 

.95 

12.28 

101.9 

2.  302 

.  3253 

9.5123 

1.00 

13.61 

112.9 

2.551 

.  .3()05 

9. 5569  ' 

2.00 

54.  46 

451.8 

10.21 

1.442 

.  1590 

3.00 

122.  5 

1,016 

22.  9f) 

3.  244 

.5111 

Finejrrav-    ' 
el.              1 

4.00 

217.8 

1,807 

40.  81 

5.  768 

.  7610 

V  ».                            1 

5.00 

340.  3 

2,  823 

63.  77 

9.012 

.9548 

t 
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The  table  on  page  [157]  gives  the  velocity  of  movement  of  water  in  sands  of  v*^' 
OU8  grades  for  different  preHsure  gradientA.    Column  1  gives  the  effective  sise  of      ^^ 
soil  grains  in  niillimeterB.     As  already  ntated,  this  size  is  such  that  if  all  grains  i*^'^^ 
of  that  diameter  the  soil  would  have  the  same  transmission  capacity  that  it  actn^E^^^^y 
has;  column  2  gives  the  velocity  of  flow,  or  the  rate  at  which  the  water  mc^^^'^ 
through  the  ground  in  inches  i)er  minute  under  a  pressure  gradient  of  1  foot  dlEri^eT- 
ence  in  head  to  each  foot  of  <listance;  colunm  3  giv«)  the  velocity  of  flow  rednce^^^  ^ 
miles  per  year,  the  pressure  gnuiieiit  being  the  same  as  in  column  2;  column  4  gi         vet 
the  velocity  of  flow  in  miles  i>er  year  un<ler  a  pressure  gradient  of  100  feet  to  the  m         i^e. 
The  veloi^ity  for  a  pressure  gradient  of  10  feet  to  the  mile  would  be  one-tenth  of  =^^     'lu 
numbers  in  this  (fourth)  column,  and  so  on  for  other  graflients;  oolnmn  5  gives  ^^^^i^ 
actual  discharge  in  cubic  feet  ixir  minute  for  each  square  foot  of  cross  section  if  ^^Che 
pressure  gradient  be  1  foot  difforenci>  in  head  in  i"iach  foot  of  distance.     For  the  pr    '  ^ 
sure  gradient  of  1  foot  difference  in  lioa^l  for  each  100  feet  in  distance  the  flow  ^  ^^r 
square  foot  will  be  0.01  of  the  tabulute<l  numljers,  an<i  so  on  for  other  gradients.    T^  ^'** 
numljers  in  this  (fifth)  column  have  also  been  calle<l  the  'transmission  constantly" 
and  have  been  represente<l  in  the  formulas  by  k. 

Relative  flow  of  usuer  through  mntU  ft/same  effective  ttize  grain^  but  jtacked  w  (U  topon^** 

diffrreixt  }>oro»ities. 


I'oroflily.  or ,     DpigHvp 
percenter  |     «?»a"^e 
voids. 


flow. 


30 
32 
34 
36 
38 
40 


0.81 
1.00 
1.22 
1.47 
1.76 
2.0?) 


}fa,rimum  flow. — InaHnincli  an  the  How  of  ground  water  i.s  nearly  always  caused  by 
a  (lifforencc  in  hea<l  dur  to  gravity  only,  the  inaximnrn  flow  that  \»  ]>os8ible  is  found 


Fro.  22  (7  of  .SMch!f?r).— Diagram  illustratlnpf  various  pressure  Kradienis  mid  the  maximum  flow. 
In  the!»c  throe  rasc«  tlie  upiwT  portion^  of  tin*  m»1I  oolurans  are  supposed  to  bo  supplied  with  water  as 
fast  AS  it  can  flow  through  the  columns.  The  ci«'ai>o  at  X.  Y.  Z  im  Mip[>osod  to  be  i>erfectly  free.  The 
head  under  which  the  flow  talcoM  place  is  h  lu  each  cast',  as  .shown  at  the  left  of  the  (igure.    The 

rarlou"*  longths  of  the  soil  columns,  /j. /..,  and  /.,  ]»roducc  iho  pressure  Kri^'Henls  h;7i-^l:  h72-|— ; 
and  h73=J,  respectively,  with  the  resulting  flows  in  proportion  if  the  material  in  the  varioiu  columns 
be  the  name. 
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in  the  case  in  which  the  gronnd  water  is  free  to  move  in  a  vertical  direction,  a8  in  a 
perfectly  underdrained  sand-filter  bed.    The  motion  in  this  case  is  due  to  the  weight 
of  the  water  of  saturation,  and  the  flow  is,  of  (^urse,  gn^ater  than  would  l>e  the  case 
if  the  water  were  obliged*  to  flow  in  a  direction  indine<l  to  the  verti<*al  inHtea<l  of 
in  the\'ertical  direction,  as  supposed.     These  factn  are  iliu8trate<l  in  tig.  22.     The 
t^wio  the  case  of  pressure  gradient  1:1  forms  a  most  convenient  \y&»[«  for  calcula- 
tion, and  it  is  frequently  called,  as  suggested  by  Hazcn,  the  maximum  flow.     The 
flow  for  any  other  gradient  is  immediately  calculable  from  the  maximum  flow— for 
atndient  1:100  the  flow  being,  of  (course,  one  one-hundn*<lth  of  the  maximum  flow. 
The  appropriateness  of  the  term  maximum  flow  is  illuHtratcHl  by  flg.  2:^,  which 
shows  the  original  water  table  au<l  the  depressed  water  table  due  to  the  <*onHtniction 
of  a  drainage  ditch.     It  is  plain  that  the  pressure  gradient  for  all  of  the  streaniH  of 
flow  mark^  by  arrowheads  is  less  than  the  gra<licnt  1:1.     If  the  wetted  area  of 
the  ditch  be  multiplied  by  the  maximum  flow  for  the  kin<l  of  material  in  which  the 
ditch  has  been  excavate<l,  the  flow  thuH  (N)mputi'<l  will  in  cv^ry  cm*e  exct»e<i  the  flow 
actoally  determined  by  measurement*  of  the  yield  of  tlu*  dit^h. 


^.  23  (8  of  SHchter).— IMagnm  showing  linesi  of  flow  into  a  drainaRO  ditch  and  the  nhape  of  the 
»iteruble  in  its  neighborhood.  The  head  under  which  the  flow  tHkos  plncc  iM  the  difference  in 
^fbtof  the  original  water  table  and  the  level  of  the  surface  of  the  water  in  the  ditch.  Thisir 
ffloch  lesR  than  the  lengthn  of  the  curved  lines  of  thi?  flow  into  the  ditch,  licuce  the  rate  of  flow  must 
be  mach  less  than  the  so-called  maximum  flow. 

VdocUy  offlmp. — There  is  not  unifonnity  in  the  use*  of  tin*  term  velocity  an  applied 
to  the  motion  of  ground  waters.  We  u«*  the  tenn  to  expresH  the  rate  (mea.*<ured  as 
90 many  feet  a  day,  eU.\)  at  which  the  water  advanci^s  throii^rh  the  i)orouy  me<lium, 
irwpective  of  the  amount  of  water  thun  a<lvancing.  The  amount  of  ground  water 
<niea8ured  in  cubic  feet  per  minute,  etc.)  paFsiiig  through  a  given  ctofh  Ke<*tion  the 
'writer  has  c*alled  the  flow  or  the  discharge.  It  in  tH|ual  to  the  velocity  multiplied 
by  the  porosity.  Some  meafsure  velocity  as  a  rate  of  motion  in  a  solid  column  of 
»niearwi  as  the  cross  sei'tion  of  the  iK)rous  medium.  This  is  th<'  same  magnitude 
which  we  have  calle<l  flow. 

In  using  the  table  on  page  157  one  should  use  the  numl^ers  in  columns  2,  3,  or  4  if  the 
velocity  of  ground  water  is  wante<l,  but  should  pass  to  column  5  if  the  flow  or  yield 
i-Twjuirwi.  Thus,  suppose  it  is  desired  to  Ihul  the  rate  of  motion  of  ground  water 
through  a  bed  of  sand  which  slopes  10  ft^'t  to  the  mile:  Tlie  results  can  be  found 
i^T  various  materials  and  grades  of  material  by  (livi<ling  the  nmnlKTs  in  column 
^  hy  10,  since  a  slope  of  10  feet  to  a  mile  will  cau.^i*  but  one-tenth  of  the  velointy 
♦'xisting  for  a  slope  of  100  feet  to  a  mile.  For  materials  of  various  grades  we  obtain 
the  following  results: 

^fhjritij  of  ground  water  in  materinh  of  tUffermt  fjrnfks,  jtrfMvrt  gradient  10  feet  per  mile. 


Material.  Miles  per  i     Feet  per 

year.     [       year. 


Fine  sand,  0.2  mm.  diameter   0. 010 

Medium  sand,  0.4  mm.  diamet^T 041 

Coarse  sand,  0.8  mm.  tliameter IH 

Fine  gravel,  2  mm.  diameter 1 .  02 


52.8 

21(>.0 

845.  0 

5,  308. 0 
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JEIramp/^.— Supprme  that  it  b>  <i<f9qre«i  ti»  a»ceitain  the  amoant  of  water  that  ^ 
l$tum  through  a  beil  2iiO  feet  deep  an«i  1.000  feet  wide,  having  the  same  dope  as  tb 
jcMft  mentioned.  Thii>  problem  reniairiEv  w  x»\  find  the  flow,  and  the  nomberB  oi 
in  the  computatitin  nhoulil  therefore  tie  taken  from  colomn  5  of  table  on  page  t 
Ttie  flow  for  one  9i|uare  f<iot  of  <tim«  «iei<lion  of  the  bed  will  be  siK  of  the  ma 
mnm  fl<»w  given  in  that  column  fur  material  of  \-ari«H»  grades,  and  the  total  floi 
found  by  multiplying  the  maximum  flow  by  ^l(,f  X  200  X  1,000,  which  gives  1 
following  results  for  the  }«me  materials  ile9cril»e<l  in  the  preceding  table: 

Ftoir  of  tjrtmnd  frrjter  itt  mnterinU  nf  diffrreid  t/nuie*  Ihrougk  a  hfd  of  rertieni  mm  *rrl 

^fO  hy  ],/fOOjttt,  ^npiwj  JO  JfTi  fMT  miU, 

Cubic  feet  per  mini 

Fine  sand ' 

Medium  Hand    2L 

CinSLne  Hand 87 

Fine  gravel 54<i 

The  efltiniate»*  in  the  table  on  i>agi*  lo7  wen'  liastni  upt»n  a  poroeity  of  32  percei 
For  other  iK>ro$<itie9  the  result*?  must  l»e  ihangtil  l»y  the  pertvntages  shown  in  t 
table  on  jiage  158.  Thus  all  of  the  results  just  fnund  nuist  be  inereased  by  about 
jMT  (-eut  if  the  iK)rr*«ity  of  the  material  Ik*  .'Vi  instea<l  of  32  jier  cent. 

FACTORS    l.V   SLICIITKK's    MKTIloD. 

In  ordor  to  apply  the  principles  jiIk)vo  quotod  it  is  necessary,  in  ad 
tion  to  the  fa<*ts  already  stated,  to  know  (I)  the  jirea  of  cross  sect^ 
through  which  the  underflow  jmsses:  (2)  the  jiorosity  of  the  iiiateH 
and  Oi)  the  temperature  at  the  di^pth  at  which  the  flow  oc*curs. 

Af'ru  (tf  r.roHH  HtHltm, — On  the  assumption  that  the  principal  soiii 
of  the  underflow  is  Salt  River,  and  that  the  underflow  passes  in  p 
down  the  present  valley  past  Tempe  and  in  part  to  the  south,  east 
the  Salt  Kiv(?r  Mountains,  it  is  evident  that  the  ojxmi  plain  betw< 
Tempe  and  the  Salt  Kiver  Mountains  and  hetwtuMi  tlie  Salt  River  ji 
Saeaton  mountains  gives  a  measure  of  the  width  of  the  underflc 
Since  the  princi(Hil  part  of  this  underflow  passes  through  the  l)owl< 
beds  and  conifMiratively  little  through  the  liner  inattM-ial,  the  practi 
width  of  the  underflow  is  much  less  than  the  spaces  indicated  betwc 
the  mount'iins.  For  all  pmctical  purpos(\s  the  w  idth  of  the  underfl 
probably  does  not  diifer  materially  from  that  given  in  the  sectic 
on  1*1.  XXI,  or  alK)ut  15  miles. 

Th(»  thickness  of  the  bowlder  beds  can  not  be  stated  with  any  deg] 
of  a(!cura<'y,  since  many  of  the  wells  do  not  reach  the  bottom  of  1 
bowlders.  The  thickness  varies  greath'  from  place  to  ])lace,  but 
geneml  is  greater  near  the  center  of  the  bed  than  at  the  sides,  as  in 
cated  in  the  sections  just  referred  to.  The  wells  in  the  regions  m 
these  sections  penetrate  on  the  average  about  150  feet  of  gravel  a 
bowld(»rs.  Neglecting,  then,  the  finer  materials  through  which  a  mii 
(juantity  of  water  finds  its  way,  and  neglecting  the  unknown  thickm 
of  bowlders  which  the  wells  do  not  penetrate  there  remains  an  avera 
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depth  of  150  feet  across  a  width  of  15  miles,  or  11,880,000  square  feet, 
as  the  working  area  of  cross  section  of  the  underflow.  The  actual  area 
of  cross  section  is  greater  than  this,  owing  to  the  unknown  thickness 
of  the  bowlder  beds  left  out  of  account,  but  how  much  greater  is  not 
known.  In  order  to  keep  well  on  the  side  of  conservatism  the  figure 
ij*   made  no  larger  than  known  facts  warrant. 

jTempet'ature, — Since  the  volume  of  water  passing  as  underflow 
vai-ie.s  with  the  temperature,  the  temperature  of  several  wells  was 
det,€rmined,  as  follows: 

Temperature  of  welh  in  Salt  River  Valley^  Arizona,  in  1904- 
I  Location.  ! 


Well.  I : r>epthJ'^^3™-  Time. 


Town 
ship. 


R»ingt». 


^'consolidated  Canal  Co.  No.  1 . . .    1  S.   T  5  E. 
Bo ,   IS.   i  5  E. 


Mu 


iT)hy-McQueen ,  IN. 


Do IN. 

^-  F.  Kellner '  1  N. 

^**Hey  Seedless  Grape  Co IS.      4  E. 


5E. 
5  E. 
1  E. 


Sec-    I 
tion.   I 


■  I-  -  1 , 

I  Feet.    I  °F. 

22  j  375  1  84. 6  ,  January  19. 

22  150  '  81.1      Do. 

8*4  '  840  78.  I  j  January  20. 

34  !  150  I  77.  i\   I    Do. 

6  I  324  82. 8  ,  January  15. 

4  I  319  '  74.4  ,  Dei!ember. 


With  the  exception  of  the  Kellner  well,  the  wells  in  which  the  tem- 
perature was  determined  are  those  in  active  operation.  The  lowest 
^^I'izons  at  which  readings  were  obtained  are  below  the  bottom  of  the 
*^Wlder  bed.  In  two  wells  readings  were  taken  at  a  depth  of  150  feet. 
^he  temperature  at  this  depth  is  the  temperature  of  the  water  of  the 
^Merflow,  since  at  that  depth  the  thermometer  was  in  the  midst  of  the 
^wlder  bed. 

An  inspection  of  the  table  indicates  a  considerable  diversity  of  tem- 
perature.    In  the  case  of  wells  in  which  readings  were  t^iken  at  more 
^tan  one  depth  the  downward  increase  in  temperature  differs  mate- 
riall}'.     In  the  Consolidiited  Canal  Company  well  an  increase  down- 
ward is  shown  of  8.5    F.  in  250  feet,  while  in  the  Murphy-McQueen 
^ell  an  increase  of  only  0.5    F.  occurred  in  190  feet.     It  is  probable 
that  the  circulation  of  the  underground  water  causes  the  differences 
in  the  temperature.     Since  the  waters  of  the  underflow  follow  the 
paths  of  least  resistance,  a  certain  quantity  of  water  may  be  near  the 
surface  at  one  point  and  in  the  course  of  its  journey  be  far  beneath 
the  surface  at  another  point.     This  circulation  of  the  water  tends  to 
destroy  the  regularity  in  the  increase  of  tempemture  downward  which 
might  otherwise  obtain.     Variations  such  as  those  indicated  above  are 
to  be  expected. 

IBR  13(>— 05 11 
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Mechanical  analy^s  of  the  icater-fM'nrmg  material  of  Sali  River  VaUey—ContmueA, 

GEORGE  U.  COLLINS. 


Sieve 
marked. 

Hiseof 
deparation  of 
theRleve,  in 
millimeters. 

_ 

Quantity  held 

by  each  Hievc, 

in  frramH. 

Quantity 

paming  each 

Hieve,  in 

grami«. 

Per  cent  of 

total  weight 

of  yrainn  Ten 

than  1  inch  in 

diameter. 

1 

Per  cent  of 

total  weight 

of  entire 

•ample. 

•   «  0.152 
.152 

20.  5 

.8 

120 

20.5 

4.1 

2.05 

100 

.182 

14.5 

21.3 

4.2 

2.1 

80 

.2:^5 

14.5 

:Vy.  8 

7.2 

3.6 

60 

.320 

23.1 

50.  3 

10.6 

5.3 

50 

.390 

47.1 

73.4 

14.7 

7.35 

40 

.460 

167.1 

120.5 

24.1 

12.  a5 

20 

.930 

35.7 

287.6 

57.5 

28.75 

10 

2. 040 

17.7 

323.  3 

64.6 

32.3 

!              6 

3.900 

159. 5 

341.0 

68.2 

34.1 

f>  3. 900 

500.5 

(i59.  5 

65.9       i 

<.31 

<'.43 

OXE- 

RALF  MILE  N 

DRTH   OF  COI 

.LINS'S. 



«  0. 152 

.152 

10.5 
1.0 

120 

10.  5 

2.1 

1.05 

100 

.182 

11.3 

11.5 

2.3 

1.15 

80 

.235 

10.7 

22.6 

4.5 

2.25 

HO 

.  320 

1S.(> 

.33.  3 

6.7 

3.35 

50 

.390 

25.  7 

:>1.9 

13.8 

6.9 

40 

.460 

117.5 

77.6 

15.5 

7.75 

20 

.9:^) 

12(5.5 

195.  1 

39.  0 

19.50 

10 

2.  (MO 

53.  2 

321.6 

(vl.  5 

32.25 

'^ 

3.900 

124.5 

374.  8 

74.9 

37. 45 

''  3. 900 

499. 5 

624.  5 

(52.6 
'• .  55 

'• .  :^5 

i»Lers:ei 

'  than. 

r  Effective  si /a 
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An  eflfort  was  made  to  select  the  samples  in  such  a  manner  that 
they  would  be  representative  of  the  material  from  which  the  best 
p vamping  plants  draw  their  supply.  It  will  be  noted  that  the  samples 
ai-e  all  from  the  regions  previously  indicated  as  containing  the  bowl- 
der beds.  While  only  one  sample  is  from  the  Mesa  region,  it  is  prob- 
ata le  that  the  material  represents  the  gravels  there  as  faithfully  as  it 
do«s  those  of  the  Phoenix  region.  The  samples  are  taken  directly 
f»"om  the  native  material,  as  exposed  in  the  sides  of  the  well,  and  are 
ttxought  to  represent  adequately  the  l>est  water-l>earing  material  of 
tfct^  valley. 

In  each  case  the  proportion  of  material  more  than  1  inch  in  diamc- 
t^«-  is  estimated  as  half  the  sample.  Since  bowlders  occur  2  feet  in 
ni«i,ximum  diameter  it  is  obvious  that  no  account  of  them  can  be  taken 
11*  a  small  sample.  It  is  certain  that  in  some  cases  tlie  proportion  of 
18-^^  material  is  greater  than  half.  Pebbles  1  inch  or  more  in  diam- 
eter were  discarded  and  the  remainder  passed  through  standard  sieves 
of  sizes  indicated  in  the  following  tjible.  The  work  was  done  at  the 
assay  office  of  J.  Q.  A.  King,  of  Phoenix,  and  the  weight  of  the  vari- 
ous sizes  of  material  was  accurate! v  determined  as  indicated  below: 


Mechanical  analyses  of  the  wnier-hear'mg  material  of  Salt  Hirer  Vallej/. 
RIVER  <;RAVEIi>. 


1 

1      Sieve 
marked. 

1 

1 

Size  of 
separation  of 
the  sieve  In 
millimeters. 

■ 

Quantity  held 

by  earh  sieve 

in  grams. 

Quantity 

paissing  each 

sieve  in  grams. 

Per  cent  of    , 

t<>t»il  weight 

'  of  grains  less  i 

than  t  inch  in 

diameter. 

Per  cent  of    ' 
totiil  weight   , 

of  entire 

sample.        | 

«0.  158 
.  152 

:n.i 

3.1 

1 
1 

120 

31.  1 

1              0. 3 

3.15     ' 

100 

.182 

2i).  () 

34.2 

8.9 

4.45 

80 

.2:^^ 

25.  S 

r>3. 8 

12. 8       , 

(>.4       , 

60 

.320 

50.  0 

89.  H 

17.9       1 

8.  95 

50 

.390 

97.2 

139.  (> 

27.  9 

13.95 

40 

.4t>0 

225.  0 

23().  S 

47.  3 

23.  iM 

20 

.  U'M) 

23.  (1 

4<>1.S 

92.  <> 

4(i.  :i 

10 

2. 040 

3.1 

485.  4 

97.  7 

48.  8.5 

6 

.TOOO. 

10.4 

488.  5 

97.  9 

48. 95     ' 

f>  X  IKX) 

498.  9 

510.4 

52  1 

'•.21 

1 
*' .  43 

•          1 

a  Less  than. 

b  Larger  than. 

♦•Effective  size 
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Mechanical  ancUy^s  of  the  ivater-fjearing  material  of  Salt  River  ValUy—Contmuec^ 

GEORGE  U.  COLLINS. 


! 
theirteve.  In     "^.S^S^    " 


I 


Quantity 

pamiiiR  each 

fdeve,  in 

gramit. 


!    Per  cent  of 
I   total  weiRlit 
i  ofKniiniiTetn 
than  1  inch  in 
I     diameter. 


120 
UK) 
H() 
i\0 
5() 
40 
20 
10 
6 


«  0.152 
.152 
.182 

.2:^5 

..S20 

.890 

.460 

.980 

2.040 

8.900 

f>  8.  JKK) 


20.5 

.8 

14.5 

14.5 

28.1 

47.1 

167.1 

85.7 

17.7 

159. 5 

500.5 


20.5 

21.8 

;^5.8 

50.8 

78.4 

120.5 

287.6 

828.  8 

:i41.0 

(>59.  5 


4.1 
4.2 
7.2 
10.6 
14.7 
24.1 
57.5 
64.6 
68.2 

'•.31 


Per  cent  of 

total  weight 

of  entire 

«ample. 


()N'f:-jtalf  mile  north  of  COLLINS'H. 


«  0.  152     I 

..152     i 

.  182 

I 
.285     I 

.  81H)     , 

.460 

.  980     ' 
2.040 
8.900 
''  8.  SHX) 


10.5 

1.0 

11.8 

10.7 

IS.  6 

25.  7 

117.5 

126.5 

58.  2 

124.5 

4W.  5 


a  LetiM  than. 


ftLnrger  than. 


''  ElTectivi'  size. 


2.05 
2.1 
3.6 
5.3 
7.35 
12.  a5 
28.75 
32.3 
34.1 
65.9 
<'.43 


10.  5 

2.1 

1.05 

11.5 

2.3 

1.15 

22.6 

4.5 

2.25 

83.  8 

6.7 

3.35 

51.9 

18.8 

6.9 

77.6 

15.5 

7.75 

195.  1 

89.  0 

19.50 

821.6 

m.  5 

32. 25 

874.  H 

74.9 

87. 45 

624.  5 

62.6 
♦• .  55 

<- .  :^^ 

KE.1 
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Mechanical  aiudyset  of  the  tvaler-bearing  maierial  of  Salt  Rii^er  ValUy — Continoed. 

N.  P.  McCALLUM. 


10 
6 


Sieve 
marked. 

Slxeof 
separation  of 
the  sieve,  in 
millimeten. 

Quantity  held 
by  each  sieve, 

1 

Per  cent  of 

total  weight 

of  entire 

sample. 

a  0.152 
.152 
.182 
.235 
.320 
.390 
.460 
.930 
2.040 
3.900 

ft3.900 

21.9 
1.7 
12.2 
14.3 
24.8 
49.9 

220.5 
66.6 
17.6 
63.5 

499.0 

r 

120 
100 

i      ^ 

1            60 

1   •« 

1            40 

;    ^ 

1           10 
6 

21.9     1            4.4 
23.6    1            4.7 

41.8  1            8.4 
56.1     1          11.2 

80.9  j          16.2 

130.8  26.2 
351.3    1          70.4 

417.9  ,          81.9 
435.5              87.2 
563.5      

2.2       1 

2.35 

4.2 

5.6 

8.1 
13.1 
35.2 
40.95 
43.60 

i            <-.2fi 

<^.42 

' ! 1 

1 

1 

^0.152 
.152 

1 

120 

100 

.182 

80 

.2:^ 

60 

.320 

• 

1           ^ 

.390 

1           ^ 

.460 

1           20 

.  930 

D.  B.  HEARD. 


12.4 
9.4 


2.040 

3.  *KX) 

f^  3.  900 


13.7 

21.7 

106.0 

HO.O 

45.  n 

201.  r> 

498.  H 


12.4 

13. 3 

22.7 

;^.4 

44.1 

(55.8 

171.8 

251.8 

297.  3 

701.5 


2.5 
2.7 
4.5 
6.1 

8.9 
13.  2 
34.4 
50.5 
59.  6 


1.25 
1.35 
2.25 
3.05 
4.45 
6.6 
17.2 
25.1 
29.8 


'•.43 


-.56 


«  Le.sH  than. 


''  I^irjfer  than. 


<*  EfTci'tivo  Mze. 
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Merhanical  analyses  of  the  water-bearing  material  of  Salt  River  VaUey — Ck)iitmued. 

MURPHY-McQUEEN. 


Sieve 
marked. 

Size  of 
separation  of 
the  sieve,  in 
millimeterB. 

«  0. 152 

Quantity  held 

by  each  sieve, 

in  grams. 

Quantity 

pasMinR  eat^h 

sieve,  in 

grams. 

Per  cent  of    ,     «_,  _„_*  ^. 

1 

32.7 

1 

120 
100 
80 
60 
50 
40 
20 
10 
6 

.152                 1.6 

.  182               20. 5 

.235     '           12.2 

.320    1          26.0 

.390    1          42.7 

.460     j         138.5 

.9M)     1          61.5 

2.040    j          32.25 

3.900    j        130.0 

''  3.  900             497. 95 

32.7 

:«.3 

54.8 
67.0 
93.0 

i:«.7 

274.2 

:^i5. 7 

367.95 
532.  25 

6.5 
6.9 
10.9 
13.5 
18.7 
27.7 
55.1 
67.2 
73.9 

<-.26 

3.25 
3.46 
5.46 
6.76 
9.36 
13.85 
27.65 
33.6 
36.8 
53.3 
C.42 





"LcsN  than. 


blrfirgerthan. 


c  Effective  size. 


Following  the  (example  given  by  Sliehter,  the  results  of  the  mechan- 
ical analyses  wore  tahiilated,  and  the  effective  sizes  determined  for 
each  .sample,  as  shown  in  the  following  table: 

Efffvtive  size'^  and  nnlformltif  roefficiaits  of  material  from  Salt  RiverVaUey  as  determined 

hij  Jlazat^H  method. 


Diamtaers  <»f 
effective  size 
of  total  sam- 
ple, in  milli- 
meters. 


Uiver  >j;ra\  el 

(ieo.  U.  ('ollins 

Ono-half  mile  north  of  CollinR'.**. 

X.  P.  McC'alliini 

D.  B.  Heard 

Murphy-McCineen 

Average 


Diameters  of 
L'fTectivesizeof 
material  less 
thanl  inch  in 
diameter,  in 
miliimeten. 


0.43 
.48 
.55 
.42 
.56 
.42 


0.21 
.31 
.35 
.29 
.43 
.20 

.31 


Uniformity  co- 
efficient for 
material  \em 

than  1  inch  in 
diameter. 


2.47 

2.84 

4.86 

2.31 

9.3 

4.61 


«  By  effniiir  tn'zt  is  meant  u  diameter  of  iifrain  su<h  that  10  per  cent  of  the  sample  is  less  than  that 
size.  It  is  determiiUMi  hv  the  interseeticm  of  tlie  curve  and  the  10  jht  eeiit  line.  The  etTect.ive  size 
differs  materially  aeeonling  to  the  ehoiee  of  material,  as  indieated  in  the  foregoing  tabulation. 
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An  application  of  Slichter's  formula  to  the  underflow  of  Salt  River 
Valley,  using  the  eflfective  size  thus  obtained,  gives  results  which  are 
obviously  erroneous,  since  the  quantity  of  underflow  thus  indicated  is 
notably  less  than  the  quantity  known  to  return  to  the  surface  and 
measured  as  water  actually  diverted  for  irrigation  purposes. 

A  sample  of  the  gravels  was  sent  to  Professor  Slichter  and  tested  in 
bis  apparatus.  The  sample  was  taken  from  George  IT.  Collins's  well, 
and  probably  represents  the  water-bearing  gravels  of  the  valley  as 
Well  as  any  single  sample  can  represent  them.  The  quantity  of  ma- 
terial rejected  as  too  large  to  handle  was  about  one-half.  The  finer 
ttJa.terial  was  analyzed  by  Professor  Slichter  for  porosity  and  effective 
s^e.    I  quote  from  his  letters  as  follows: 

Madison,  Wih.,  March  SO,  1904. 
#♦»»**» 
I   have  gone  over  the  samples  of  gravel  you  sent  with  the  following  results: 
Porosity:  The  porosity  of  the  sample  of  gravels,  after  carefully  tamping  them  in 
^'^^^  aspirator  tube,  was  found  to  lx»  40.3  per  cent. 

Effective  size:  The  fine  portion  of  the  sample  that  will  go  through  a  No  8  sieve 
^^^  used  for  the  determination.  Triplicate  detenninations  give  for  effective  size  of 
^*^ie  portion  of  the  sample  0.7H)  mm.  The  effective  size  of  the  actual  material  you 
^'^.t  is  slightly  greater,  but  our  aspirator  tubes  are  such  that  I  can  not  safely  intro- 
^^<2e  large  pebbles  into  the  instrument.  I  shall  make  an  actual  test  with  water  of 
^^*^  entire  sample  as  soon  as  I  can  do  so. 

Xiazen's  10  per  cent  is  worthless  for  nearly  all  western  gravels.  I  have  never  yet 
'^^Xnd  a  sample  of  heterogeneous  gravel  that  will  test  to  correspond  with  his  10  per 
*^»it  The  50  per  cent  line  is  frequently  al)out  correi^t,  although  even  this  is  often 
^^J*  from  the  true  value. 

CiiAS.  S.  Slichter. 

Madison,  Wis.,  April  4 j  1904. 

About  two  weeks  ago  I  sent  you  results  of  tests  of  gravels  from  Collins's  well  l)y 
Aspirator  method.     I  inclose  herewith  further  data. 

After  picking  out  the  larger  |K;bbles  I  separated  the  larger  particles  by  standard 
sieves,  and  after  each  lifting  dctermine<l  porosity  and  effective  size  of  the  gravel 
passing  the  sieve.  The  gravels  were  packed  in  the  cylinder  by  tamping  while  jxjured 
in  place  very  slowly,  and  an  effort  was  made  to  pack  as  closely  as  i)08sible.  You 
will  note  that  the  porosity  changes  greatly,  and  that  the  removal  of  the  larger  grains 
has  a  tendency  to  lower  the  effective  size  of  the  sample,  with  one  or  two  notable 
exceptions. 

I  believe  that  the  larger  grains  iiece&^arily  oniitte<l  from  the  sample  probably  would 
increase  the  effective  size  if  we  could  use  them.  You  will  note  that  Hazen's  10  i)er 
cent  is  perfectly  useless  f<»r  all  of  the  samples  in  the  table.  The  50  i>er  cent  line  gives 
a  value  of  grain  nearer  the  true  mean. 
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(fratYl/rom  (iearge  V.  <'ollini(*8  iveli^  SiH  Hirer  Valley^  Aru:ona. 


No.  (»f 
sieve. 

1     Per  cent 
;  of  mmjile 
!       held. 

1 

Per  cent 

of  Mimple 

pasHcil. 

Pon»sity  of 
"pass." 

Effective 

size  of 

1  'naw,"  in 

millimeterR. 

TrannmlMion 

constant  of 

"pa»"attem- 

I>eratupe80PF. 

in  cubic  feet 

per  minute. 

2 

'           6.  () 

93.  4 

38.1 

1 

0.  727 

0.511 

8 
10 

1 

40.  0 
38.  6 

,         .716 

.602 

^""m.ii" 



83.7 

.400 

12 

,         17.4 

82.  6 

40.  3 

'         .68 

.543 

14 

'         19.7 

80.  3 

39.  5 

.63 

.428 

16 

22.  0 

78.0 

39.  7 

.63 

.440 

18 

'         28. 6 

76.4 

39.  () 

.62 

.427 

20 

25.  8 

74.2 

40.  (i 

.71 

.597 

30 

1         44.1 

55.  9 

41.0 

.  5() 

.382 

40 

67.  8 

32.  4 

40.  6 

.42 

.209 

Chas.  S.  Slighter, 


APPLICATION    OK   ^<LI('HTKK  S    Ml-miOl). 


It  will  be  noted  from  the  contours  of  the  water  table  that  the  inelina-- 
tion  of  the  table  varies  from  5  to  20  feet  per  mile,  the  inclination  on 
the  average  being  practically  the  same  as  that  of  the  land  surface. 
The  gradient  is  practically  10  feet  to  thi»  mile  where  the  principal 
underflow  occurs.  This  iigure  is  therefore  used  in  the  following  com- 
putation. 

The  porosity,  as  previously  stated,  may  iviusoiiably  l)e  assumed  as 
40  per  cent,  the  eflective  size  as  ().T2  nun.,  and  tJM*  temperature  tts  8(»- 
F.  In  order  that  the  quantity  of  underflow  may  b(^  expressed  in  acre- 
feet  per  year,  the  mimber  of  miiuites  in  one  year  is  ])laced  above  the 
line  and  the  numl)er  of  cubic  feet  in  1  acie-foot  of  water  })eneath  the 
line. 

Applying  local  values,  therefore,  Slichter's  fonnula  })ecomes: 

2 

11.3  X  10  X  .72  X  1188()(MH)  X  r)25r)()()  , ,    ,     ,,,w>-/w.i  .^o\-. 
^  5280  X435G0X  20.818  1 1  t  .   i    m       >-;j 

acre-feet  per  year. 

Solving  this  equation  we  have  148,11^1  acn^-feet  per  y<^ar  as  the 
quantitative  measure  of  the  underflow  of  Salt  Kiver  Valley,  or  a  rate  of 
flow  of  about  1,3(10  feet  per  year.  In  other  words,  assuming  that  the 
values  chosen  are  correct,  a  quantity  of  water  sufficient  to  cover  148,196 
acres  of  land  1  foot  deep  each  year  enters  the  gravels  of  the  valley 
and  works  its  way  at  the  rate  of  1,300  feet  per  year  through  the  valley 
fill.  This  is  not  a  measure  of  the  quantity  of  water  in  the  gravels  at 
any  one  time,  but  a  measure  of  the  quantity  which  pa.sses  any  given 
cross  section  of  the  valley  in  one  year. 
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COMPARATIVE   DATA    FROM   OTHER   REGIONS. 

Owing  to  the  great  importance  of  arriving  at  an  estimate  as  nearly 
correct  as  possible  of  the  quantity  of  underflow  it  may  be  profitable  to 
consider  it  from  different  standpoints.  There  are  so  many  unknown 
factors  and  so  many  varying  conditions  that  no  quantitative  estimate 
can  be  final.  Such  estimates  are,  however,  of  illustrative  value  in 
giving  a  measure  of  possibilities. 

Observations  have  been  made  on  the  rate  of  movement  of  under- 
ground waters  at  many  localities.  L.  C.  Carpenter  has  published  a 
paper**  giving  the  results  of  his  study  on  the  rapidity  of  underflow, 
from  which  the  following  quotation  is  taken: 

Near  Montrose,  Colo.,  the  velocity  was  found  to  lx»  about  1  mile  per  year.  At 
Fort  Morgan,  Colo.,  15  feet  per  day,  or  a  little  more  than  1  mile  per  year  in  soil  and 
sand.  On  the  Hoover  ditch  the  velocity  is  3.6  feet  |)er  day,  or  314  feet  per  year  in 
sand. 

In  the  paper  previously  quoted,  Professor  Slichter  gives  rates  of 
movement  of  underground  water  as  follows: 

Weidon  Valley  canal,  IJ  miles  in  five  >ears,  or  1,584  feet  per  year.  Larimer 
County  canal,  40  rods  in  five  years,  or  132  feet  per  year.  Near  Greeley,  Colo.,  2j  miles 
in  ten  years,  or  1,320  feet  per  year.  King  River,  California,  4.8,  4.3,  and  16  feet  per 
day,  or  1,792,  1,580,  and  584  feet  per  year.  Centerville  canal,  California,  16  feet  per 
day,  or5,840  feet  per  year.  Kingsbury  canal,  California,  52  feet  per  day,  or  3.6  miles 
per  year.  Arkansas  River,  Kansas,  2A  feet  |>er  day,  or  913  feet  per  year.  Near  Gar- 
den, Kans.,  12  feet  per  day,  or  4,380  feet  per  year.  Hondo  and  San  Gabriel  rivers, 
California,  3*,  4,  5},  and  7  feet  per  day,  or  1,278,  1,4()0,  2,008,  and  2,555  feet  per  year. 

To  the  above  data  may  be  added  the  observations  mentioned  in 
Chapter  1,  that  the  underflow  is  made  evident  through  the  Bowen  well 
Hy  the  colleetion  at  one  side  of  floating  bodies,  and  that  in  the  Collins 
well  floating  blocks  of  wood  indicate  a  current  sufhciently  swift  to  be 
plainly  visible  to  the  observer.  This  was  noted  on  three  different 
occasions  each  time  after  the  well  had  been  undistur})ed  for  several 
daws.  On  each  occasion  the  velocit}^  was  practically  the  same  and 
appeared  to  be  aflfected  by  nothing  except  the  normal  movement  of 
the  underflow. 

From  the  above  data  it  appears  that  the  late  of  underflow  as  meas- 
ured in  several  localities  varies  from  a  minimum  of  182  feet  per  year 
to  a  maximum  of  3. f?  miles  per  year.  Because  of  the  application  to 
follow,  however,  it  should  be  noted  here  that  the  material  through 
which  the  water  passed  at  th(^  above  rate  is,  for  the  most  part,  soil  or 
comparatively  fine  sand.  In  no  case  (lescri})ed  is  the  material  so  coarse 
as  that  occurring  in  Salt  River  Valley. 

aOarpenter,  L.  C,  Seepage, or  return  waters,  from  irrigation:  Colo.  Agrie.  Exp.Sta.  Hull.  No.  '.Vi,  18%. 
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C-OMPrTATIONS   OF   VOLIME. 


Since  the  maximum  velocity  previously  quoted  is  8.6  miles,  or  18,^ 
feet  per  year,  it  seem.s  probable  in  view  of  the  great  freedom  of  moV€ 
ment  of  the  underground  waters  in  a  number  of  places  in  Salt  Riv€ 
Valley,  as  shown  by  pumping  tests  and  otherwise,  that  the  eflFective  e^^ 
may  l>e  nmch  greater  in  places  than  0.72  mm.,  and  the  porosity  ii3^ 
be  greater  tlian  40  j)er  cent  with  a  rate  of  movement  corresponding^ 
greater.  It  is  reasonable  to  suppose  that  in  material  of  such  varym^ 
size  as  that  of  Salt  River  Valley  accumulations  of  the  coarse  gra^*^ 
and  lK)wlders  in  places  occur  with  little  sand  and  silt.  Such  beds  wo\J^ 
offer  little  resistance  to  the  underflow  and  a  velocity  even  exceedi  ^ 
the  maximum  quoted  above  (3.0  miles)  might  ea^sily  occur.  It  is  e^ 
dent  from  the  quantity  of  return  water  more  than  100,000  acre-f<^ 
I>er  year  —that  the  underflow  of  whi<'h  this  return  water  is  a  part  nw^ 
easily  amount  to  the  14S,19()  acre-feet  per  year  indicated  by  the  app0 
cation  of  Slichter's  formula,  and  may  i)ossibly  l)e  much  greater.  .  L^ 
it  be  remembered,  however,  that  the  100,000  acre-feet  of  return  wat^ 
is  from  (lila  and  Salt  rivers  combined,  there  being  no  way  at  presei^ 
of  sepamting  the  two. 

It  may  be  useful  to  compute  the  volume  of  underflow  for  severa. 
possible  velocities,  l>earing  in  mind  always  that  since  the  actual  rati 
of  underflow  is  unknown,  the  results  are  only  jwssibilities  and  have 
only  illustrative  values. 

In  a  former  paper^'  on  the  underground  waters  of  Ciila  Valley  cer- 
tain estimates  of  the  possible  (juantity  of  the  (irila  underflow  were 
niiidci  Much  less  is  known  of  that  valley  than  is  known  of  Salt  River 
Valley,  and  the  estimates  are  less  likely  to  be  correct  than  those  for 
Salt  River  Valley.  Since  the  two  underflows  join  and  their  relative 
values  are  not  determinable,  the  estimates  niad*^  in  that  paper  are 
quoted  for  comparison  with  those  herein  given.  The  two  underflows 
should  be  considered  together  for  the  reason  that  the  only  reliable 
measure  of  the  quantity  of  underflow  at  hand  is  the  return  water  of 
Salt  and  Gila  rivers  combined. 

QuaniiUiiive  estimdlcn  of  vmh'rjiow  of  Salt  and  GUa  ri>rrs. 


Salt  River.. 
Gila  River  . 


Total . 


I  Acrc-fwt  |M'r  ymr  at  vi'IcK-ity  of— 

Area  of  ctohh  sw.'\_: 

tion  in  squnri 


1  111  n\4U(iii: 

feet.  1.36<)  ffot  per     J  mile  per      1  mile  per 

year.  year.  vear. 


•2  milet*  per 
year. 


11 ,  SSO,  (KK)       148,  190  '     287,  TOO       575, 520         1, 151, 04C 
2,872,320         35,8;{0  '      («»,  5(>4       139,128;  378,256 

184,020       357,324  ,     714,048         1,529,296 


a  Lee,  W.  T..  The  undergrounrt  waters  of  Gila  Valley,  Arizona:  Water-Sup.  and   Irr.  Paper  No. 
104.  U.  8.  Geol.  Survey,  1904. 
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It  will  be  observed  that  with  the  given  cross  sections  and  a  porosity 
of  40  per  cent  a  velocity  of  one-half  mile  i)er  year  yields  a  volume  of 
357,324  acre-feet  per  year.  Considering  the  great  volume  of  return 
waters— 100,000  acre-feet  or  more  east  of  the  Buckeye  canal  and  a 
large  though  unknown  volume  west  of  that  canal — and  considering 
also  the  coarseness  of  the  water-bearing  material  and  the  freedom  of 
movement  evident  at  many  of  the  pumping  plants,  it  seems  probable 
that  the  rate  of  ^movement  ma\'  be  greater  than  the  computed  rate  of 
1,360  feet  per  year,  and  that  the  average  velocity  may  )ye  more  nearly 
one-half  mile  per  year,  making  a  normal  volume  of  underflow  of 
287,760  acre-feet  per  year  in  Salt  River  Valley  and  (>9,504  acre-feet  per 
jear  in  Gila  Valley,  or  a  total  of  357,324  acre-feet  of  water  entering 
the  underflow  each  year. 

THE  RESERVE. 

The  computations  thus  far  have  dealt  only  with  the  flow — that  is, 
with  the  volume  passing  through  the  assumed  cross  section  during  the 
year;  they  take  no  account  of  the  water  already  in  the  valley-till.  An 
estimate  of  this  amount  may  be  instructive. 

There  are  in  Salt  River  Valley,  north  of  the  Pima  Indian  Reserva- 
tion, about  525  squarie  miles  (fig.  21)  beneath  which  underground 
'Water  occurs  less  than  50  feet  below  the  surface.  About  275  square 
miles  of  this  area  are  underlain  by  bowlder  beds.  These  bods  are 
^nown  to  be  thicker  than  150  feet,  but  how  much  thicker  can  not  be 
stated.  They  are  known  to  extend  })eyond  the  limits  of  the  area  indi- 
cated in  the  map,  but  to  what  extent  remains  unknown.  Over  a  con- 
siderable part  of  the  525  square  miles  the  wat(»r  is  only  10  to  20  feet 
beneath  the  surface.  Assuming  the  limit  of  lift  for  pumping  as  65 
feet,  and  allowing  15  feet  for  the  local  depression  of  the  water  table 
due  to  the  action  of  the  pump,  it  is  evident  that  pumps  placed  in  the 
lower  portions  of  the  region  might  pcMinaniMitly  lower  the  level  of 
underground  water  35  feet  and  still  obtain  water  within  the  limit  of 
cost.  It  is  furthermore  (^vident  from  tlio  readiness  of  movement  of 
the  underground  waters  that  pumps  placed  on  the  lower  grounds 
might  readily  draw  from  the  whole  region  and  depress  the  water  table 
uniformly. 

It  is  thought  that  water  contained  in  the  vast  quantities  of  material 
beyond  the  50- foot  contour  will  much  more  than  compensate  for  the 
area  in  which  the  tiner  material  predominates,  as  indicated  in  tig.  21, 
and  that  it  is  safe  to  assume  a  porosity  of  40  percent  for  the  material 
over  an  area  of  525  scjuare  miles  as  a  working  basis.  In  order  that  the 
water  table  shall  be  permanently  lowered  35  feet  the  gravels  must  part 
with  the  water  contained  in  the  spaces,  amounting  to  40  per  cent  of 
the  volume  over  an  area  of  ;V2r»  square  miles,  or  880,000  acres,  and  85 
feet  deep.     This  amounts  to  4.7o4,ooo  acre-feet  of  water. 


172        UNDERGROUND    WATERS   OP   BALT   RIVER   VALLEY.       fxo.  _  ^^ 

Viewing  the  problem  from  another  standpoint,  there  is  available  ic:  ' 
pumping  in  the  gravels  at  the  present  time,  provided  none  eeca]^  -* 
water  in  sufficient  quantity  to  cover  the  336,CC)0  acres  to  a  depth  of  ^ 
feet.  This  water  if  applied  to  200,0(X)  acres,  the  estimated  area  cul^  * 
vated  in  Salt  River  Valley,  would  supply  the  entire  area,  allowing'T^ 
acre-feet  of  water  per  acre  per  year,  for  nearly  40  years. 

It  should  be  stated  in  this  connection  that  the  immense  quantity  ^ 
water  contained  in  the  gnivels  is  continually  moving  down  the  valle;;;^^^^ 
While  the  wat<;r  table  remains  constant,  the  inflow  at  the  head  an::^  • 
sides  of  the  valley  equals  the  outflow  or  discharge  at  the  lower  enc^^ 
The  total  quantity,  therefore,  should  be  considered  as  a  reserve  rath^^  ' 
than  an  available  supply.     The  quantity  entering  the  underflow  repr^^ 
sented  by  the  volume  of  flow  is  the  maxinnim  amount  which  can  b^^ 
considered  as  permanently   available   for    pumping.      This   amoun^^ 
might  be  withdniwn  continuously  if  the  pumps  could  be  arranged  i^- 
such  a  manner  as  to  secure  the  whole  flow\     Since  this  is  obviousljl^ 
impossible,  something  less  than  the  normal  flow  is  permanently  avail--^ 
able  for  pumping.     A  greater  draft  will  draw  upon  the  re^serve  anc^^ 
continued  use  of  the  reserve  may  lower  the  wat«r  table  in  time  to  a 
horizon  too  deep  for  pumping. 

From  the  (quantity  of  the  reserve  it  is  evident  that  pumps  might  be 
operated  for  years  before  the  reserve  was  exhausted,  provided  the 
natural  escape  of  the  water  from  the  valley  could  be  prevented.  But 
since  this  escape  is  great  and  constant — more  than  100,000  acre-feet 
per  year  (besides  an  unknown  (juantity  passing  as  underflow  in  the 
Buckeye  region  as  previously  described) — any  great  quantit}'^  of  water 
extracted  by  pumps  would  pro})ably  cause  a  material  depression  of  the 
water  table. 

The  elevation  of  the  surface  wh(Mv  the  underflow  returns  in  part, 
west  of  Phoenix,  is  about  2(>0  feet  lower  than  at  Mesa.  Should  the 
inflow  cease  the  surface  of  underground  water  nuist  eventually  lower 
to  the  level  of  the  point  where  the  water  escapes.  It  is  the  friction 
due  to  passage  through  tin*  sands  and  gravels  retarding  the  flow, 
coupled  with  the  supply  from  the  inflow,  that  maintains  the  water 
gradient.  When  this  balanc(^  is  disturbed,  a  disturi)ance  of  the  water 
table  must  result.  The  ])nictical  question  is:  How  nmch  of  a  disturb- 
ance in  the  way  of  pumping  can  be  made  and  still  have  water  within 
pumping  distanced 

It  is  evident  that,  other  things  equal,  an  increase  of  water  entering 
the  valley  will  raise  the  water  table  and  a  decrease  will  lower  it;  an 
increased  draft  at  the  lower  end  of  the  valley,  whether  by  (»scape  as 
seepage  or  by  the  demand  of  pumps,  will  lower  the  water  table; 
water  withdrawn  l>y  pumps  at  any  point  in  the  valley  will  aflfect 
the  water  table,  particularly  below  the  pum])s  and  in  general  over 
the  whole  valley,  by  disturbing  the  equilibrium  established  in  nature. 
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A  lowering  of  the  water  table  of  several  feet  has  taken  place  during 
the  past  few  years.  How  much  of  this  lowering,  if  any,  is  due  to  the 
operation  of  pumps  and  how  much  to  the  scarcity  of  w^ater  during 
the  past  few  years,  owing  to  the  scant  rainfall,  is  not  determinable 
at  present. 

The  underflow,  even  though  the  volume  be  great,  should  not  be 
considered  as  inexhaustible.  There  is  a  large  quantity  of  water 
available;  a  quantity  well  worth  the  necessary  expense  of  pumping 
plants  for  securing  it.  But  it  is  fairly  certain  that  a  large  number  of 
piinaps  run  continuously  will  cause  a  permanent  lowering  of  the  water 
table,  and  pumps  established  on  high  ground  may  find  the  lift  too  great 
for  economic  operation  after  a  few  years. 

Probably  the  most  satisfactory  way  of  utilizing  the  underground 
water  is  to  withdraw  !)y  pumps  no  more  than  the  normal  flow,  leaving 
the  gravels  saturated  as  a  reserve  to  be  used  in  times  of  need  and 
replaced  in  times  of  plenty;  in  other  words,  to  use  the  water  in  the 
valley  fill  as  a  reserve  supply  rather  than  to  exhaust  it  quickly  in 
the  extension  of  cultivated  land,  with  the  consequent  loss  of  property 
when  the  water  level  falls  beyond  the  reach  of  the  pumps. 

PRACTICAL  POROSITY. 

The  proportion  of  voids  given  for  various  diameters  of  sand  grains 
usually  assumes  a  comparatively  uniform  size  of  grain.  It  is  obviously 
erroneous  in  heterogenous  materials  to  make  computations  for  any 
selected  size  or  even  for  an  average  size.  The  tiner  material  packs  into 
the  interstices  of  the  coarser.  It  would  be  entirely  possible  to  have 
.such  materials  packed  in  such  a  manner  as  to  hold  ver}^  little  water. 
No  doubt  such  cases  occur  in  the  valley  till.  There  is  also  no  doubt 
that  places  may  be  found  where  coarse  material  occurs  apart  from  the 
fine,  and  also  where,  although  coarse  and  tine  exist  together,  they  are 
loosely  packed  and  allow  a  free  passage  of  water. 

It  is  furthermore  obvious  that  since  the  sands  can  not  be  pumped 
dry,  much  water  might  be  held  by  them  which  is  properly  a  part  of 
the  underflow,  but  which  is  not  available  for  pumping.  In  order  to 
arrive  at  an  approximation  of  the  (juantity  of  water  available  for 
pumping  in  the  mixed  gravels  of  the  valley,  a  series  of  measurements 
were  made  by  filling  a  barrel  with  gravel  and  sand  and  measuring  the 
quantity  of  water  which  could  be  poured  into  it,  assuming  that  this 
quantity  would  l)e  a  fair  measure  of  the  (|nantity  that  might  be  with- 
drawn by  pumping.  In  order  to  ol)tain  representative  material,  the 
measurements  were  made  at  a  well  east  of  Phoenix  (G.  W.  Smith's), 
where  the  material  thrown  from  the  well  lies  undisturbed.  The  barrel 
held  46f  gallons  -measured  by  a  standard  graduate.  Such  material 
was  first  selected  as  seemi^d  to  be  a  fair  average  of  the  water-bearing 
materials  observed  throughout  the  valley.     It  was  sand,  pebbles.  "^"'^ 
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bowlders  up  to  8  inches  in  diameter.     The  sand  was  slightly  mois 
from  a  shower  which  fell  the  day  l>efore  the  measurements  wer'^^ 
made.     The  material  was  carefully  packed  in  the  l>arrel  in  order  t^ 
approximate  as  nearly  as  possible  the  natunil  conditions.     Water  wa^ 
then  poured  slowly  into  the  material  until  the  barrel  was  full.    I^ 
was  found  that  lOt  gallons  of  water  could  !)e  poured  into  the  barrel, 
representing  20.5  per  cent  of  the  total  space.     These  gravels  might 
easily  be  packed  more  closely  in  nature  than  they  were  in  the  experi- 
ment, and  the  amount  of  water  that  could  be  pumped  from  them, 
leaving  them  damp  since  all  the  water  could  not  be  withdrawn,  would 
be  something  less  than  "20  per  cent  of  the  total  bulk. 

For  a  second  experiment  a  place  was  selected  where  only  coarse 
gravel  and  bowldei*s  occurred,  vaiying  in  size  from  half  an  inch  to  8 
inches  in  diameter.  With  this  material  in  the  barrel,  16f  gallons  of 
water  were  adde<l  to  fill  the  barrel,  or  35.8  per  cent  of  the  total  space. 
In  this  case,  as  in  the  former  one,  th(»  percentage  of  voids  in  nature 
would  be  something  less,  owing  to  th(^  closi^r  packing  of  the  gravels. 
The  actual  (piantity  of  water  avaihible  for  pumping  in  this  case  is 
something  less  than  85  per  cent  of  the  volume. 

Volume  of  mtier  coiUniitedin  sarnh  find  (jratrls  of  (fiffetrnt  })ontifiti/  35  feet  deep. 

[In  acif-feot.] 


Vnlh-y. 


Salt  Kiver. 


I  ron>sity. 

Area  in   ' .  _ 

Hcn\s.     j  •  I  I 

|15  per  cent.j'JO  jkt  cent.  25  \tvT  <i'iit. :«»  per  cont-i^S  per  cent.. 40  per  cent 

■  _.....__    _:. i 

:^3(i,  CHxVl ,  704, 0(H)'2,  352,  000  2,  <)40,  0(M)  3,  r)2s,  (K)0  4, 1 10,  000 4,  7(H,  000 
Gila  Hivor  ....    224,0001,  170,(K)0  1,  508,  (KX)  1, 1M)0,(X)(>2. 1^)2,  0()0  2,  744,  (X)03, 136,000 

Total  . . .    5(30,  (XK)  2, 940,  00o'3,  920, 000  4,  IKK),  (XM)  5,  SSO.  000  0,  SOO,  OlX)  7, 840, 000 

_    I  _     i  .  1  I 

It  is  evident  that  the  estimated  volume  of  the  nv^orve  previously 
stated  as  4,704,000  acre-feet  is  nuu^h  greater  than  the  volume  which 
could  actually  be  withdrawn  !)v  pumping.  In  order  to  have  some- 
thing tangible  to  consider,  the  preceding  talkie  has  heiMi  so  prepared 
as  to  show  the  volumes  of  water  contained  in  a  given  vohinie  of  sand 
and  gmvel  with  assumed  porosities.  The  area  is  chosen  to  include 
only  the  land  beneath  which  water  is  50  feet  or  less  l)elow  the  surface, 
and  where  the  water  level  might  be  lowered  35  feet  and  still  be  within 
pumping  distance.  Since  there  is  a  large  area  beyond  the  50-foot  con- 
tour })eneath  which  water  occurs  which  is  left  out  of  account,  it  is 
evident  the  volumes  given  in  the  table  are  smaller  than  the  actual 
quantity  within  reach. 

The  quantitative  estimates  for  (rila  Valley  are  inserted  l)ecause  of 
the  close  association  of  the  two  vallevs. 
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It  is  probable  that  the  practical  porosity — that  is,  the  percentage  of 
volume  consisting  of  water  actually  available  for  pumping — is  some- 
where between  15  and  30  per  cent. 

A  pumping  plant  of  average  capacity,  such  as  those  of  the  Consoli- 
dated Canal  Company,  throws  a  continuous  stream  of  about  200  inches. 
If  operated  without  stop,  one  pump  would  mise  3,f)20  acre-feet  of 
water  per  year.  But  since  there  is  always  more  or  less  stoppage  for 
repairs,  etc.,  it  is  assumed,  for  convenience,  that  one  pump  will  raise 
about  3,000  acre-feet  per  year.  The  number  of  pumps  required  to 
raise  the  possible  volume  of  underflow  are  as  follows: 

Number  of  pumps  required  to  raise  the  water  <'  of  the  underflow. 


Number  of 
pumps  of  3.000 1  Volume  of  under- 
aore-feet  per  \  flow  in  acre-feet, 
year  rapacity,  i 


30 

96 

192 

384 


148, 196 

287, 760 

575, 520 

1,151,040 


o  For  volume,  see  tables  on  pp.  170, 174. 

If  a  volume  of  underflow  of  287,760  acre-feet  per  year  be  accepted, 
as  previously  suggested,  it  is  evident  that  96  pumps  would  lift  the 
entire  flow,  provided  it  could  all  be  secured.  It  is  evident,  however, 
that  it  could  not  all  be  secured.  A  withdrawal  of  the  supply  in  any 
large  measure  must  lower  the  water  table,  since  the  escape*  of  the  seep- 
age waters  below  can  not  be  prevented.  The  withdrawal  of  the  total 
supply,  if  that  w^rc  possible,  would  cause  a  lowering  of  the  water 
table  in  time  to  the  level  of  the  outlet,  a  distance  of  about  200  feet  for 
the  Mesa  region.  Any  depression  of  the  water  table  due  to  the  loss 
b}^  seepage  at  the  lower  end  of  the  valley  will  in  turn  depress  the 
water  table  in  the  pumping  region.  It  is  therefore  evid(»nt  that,  with 
an  inflow  of  287,760  acre-feet  per  year,  96  pumps  would  soon  depress 
the  water  table  beyond  easy  reach.  In  other  words,  in  order  to 
maintain  conditions  such  that  the  underflow  ma}-  be  permanently  and 
regularly  useful,  the  pumps  nuist  be  limited,  under  assumed  con- 
ditions, to  a  number  notably  less  than  96. 

It  is  impossible  at  the  present  time  to  giv(»  more  than  a  rough  estimate 
of  the  quantity  of  watei'  now  }>eing  withdrawn  from  the  underflow. 
Few  of  the  pumps  run  continuously  and  there  are  many  that  run  only 
occasionall}'  to  secure  irrigation  water  when  other  sources  fail.  The 
most  accurate  estimate  possible  at  present  (suumier  of  1904)  of  the 
water  pumped  is  4,000  inches.  This  amount  is  pumped  only  during 
the  summer.     Should  the  pumps  now  in  operation  be  run  coutu\\xo\ve\N 
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at  the  estiniaU^d  rate  (4,(XK)  inches)  they  would  supply  about  54, 
acre-feet  of  water  per  year,  or  more  than  one-third  of  the  minim 
estimated  volume  of  the  underflow. 

If  the  reserve  bi>  considered  as  a  part  of  the  available  supply  1 
pumping,  a  much  greaU^r  numlwr  of  pumps  might  be  operated  f 
some  time  liefore  the  water  table  was  lowered  beyond  reach.     Tl 
pumping  area  described  is  about  *M\  mile^s  in  length.     At  the  assume 
rate  of  underflow,  water  entering  at  the  head  of  the  valley  above  Mes 
would  require  seventy-two  years  to  make  the  journey  to  the  mouth  o 
the  Agua  Fria.     At  this  rate  of  movement  water  not  only  to  the 
amount  of  the  inflow  Imt  also  large  (juaiitities  of  the  reserve  might  be 
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FUJ.  24.— Map  of  Salt  River  Valley,  .showing?  location  of  piimpiiiK  plants  dcscribecl. 

withdrawn  for  years  l>efore  the  water  table  was  porinanently  depressed 
beyond  the  limit  of  lift.  Its  recovery,  however,  would  })e  equally  slow. 
If  the  pumping  project  is  pushed  too  far,  it  is  inevitable  that  the  more 
inefficient  pumping  plants,  especially  those  on  higher  ground,  must 
be  abandoned,  owing  to  increasing  lift  as  the  water  table  is  depressed. 
In  this,  as  in  other  cases  of  competition,  onl  v  the  fittest  can  survive. 

If  it  be  objected  that  the  assumed  velocity  of  half  a  mile  per  year  is 
too  small,  and  that  1  mile  or  more  per  year  is  the  rate  of  movement, 
then  the  volume  of  flow  is  correspondingly  greater  and  the  number  of 
possible  pumping  plants  will  be  greatly  increased. 
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C08T  OF  PUMPING   WATER. 

SALT   RIVER   VALLEY. 

Comparatively  little  has  been  known  up  to  the  present  time  of  the 
actual  expense  of  pumping  water  in  Salt  River  Valley.  The  pumping 
tests  described  in  the  first  chapter  and  summarized  below,  deal  with 
conditions  as  they  actually  exist.  In  most  c^ses  these  conditions  are 
far  from  ideal.  Indeed  there  arc  few  pumping  plants  in  the  valley 
which  are  working  with  the  efficiency  that  could  reasonabl}^  be 
expected.'  There  have  been  no  experiments  until  recentl}'  tending  to 
show  the  most  economical  method  of  pumi)ing  water,  and  there  is  no 
agreement  among  those  using  pumped  water  as  to  what  kind  of  pump 
or  what  power  is  best,  or  even  how  to  construct  a  well  in  order  that 
it  may  give  the  l)est  permanent  results.  It  is  thought  that  the  com- 
putations of  cost  of  raising  water  at  the  various  pumping  plants  just 
as  they  exist  with  all  their  imperfections  ma}^  be  of  value  by  way  of 
coniparison  with  guaranteed  cost,  which  is  usually  based  on  ideal 
conditions. 

I  have  excluded  from  the  list  all  computations  except  those  which  I 
have  reason  to  believe  are  essentially  correct.  In  some  cases  certain 
elements  are  doubtful;  for  example,  at  the  Collins  well  the  exact 
amount  of  wood  used  was  not  obtained.  It  should  be  stated  also  that 
the  test  runs  upon  which  the  computations  are  based  were  short,  vary- 
ing from  one  to  three  hours.  The  figures  consetiuently  show  the  rate 
irrespective  of  stoppage  for  repair  or  for  other  cause. 

In  making  the  computations  1  have  included  in  the  cost  of  the  acre- 
foot  interest  at  7  per  cent  per  annum  on  the  investment,  the  legal  rate 
of  interCvSt  in  Arizona,  and  10  per  cent  per  annum  depreciation,  the 
time  in  each  case  being  the  time  recjuired  for  pumping  1  acre-foot  of 
water.  No  allowance  is  made  for  stoppages.  In  each  mse  the  expense 
for  oil  and  incidentals  is  estimated  at  5  cents  per  acre-foot. 

Rccordi*of  pnmpiiKj  ])l<iut!i  in  Si/f  J\in  r  Vdllet/,  Arizona,  tni  irhich  ptunp  in  (/tests  were  made. 
Name.  Kiiul  of  woll.        Sizi-.  J''}'^}      ^i?.}}},}'^  of  lower-  ToUil  lift. 


Murphy-McQueen DriTlo.l 1 

Consolidated  Canal  Co.: 

No.  2 <\o I  li 

No.  3 * I do i: 

Valley  Seedlejw  (irapr  Co do 1 

Tcmi>e  waterworks do 1 

T.J.  Parry Dug i  40  by   (VO  I 

L.  Kunz do G  by     fi 

Geo.  U.  Collin? i do \  60  by  100  ' 

KelBon  A;  Mcllwaine do I  7  | 

JohnHeaton I!!"^,;, '"'}■ 

|I>rllled j  i 


depth. 

water. 

31  lower- 
ing. 

louii  iin. 

twt. 

Fat. 

Fai. 

Fed. 

1,305 

23 

19 

44 

-Mr. 

:W| 

15 

50.65 

26(1 

37 

11 

47. 56 

3^18  1 

:»  ' 

11.5 

47 

1.V2 

•2:5  1 

14 

219 

21  1 

17  ,' 

1 

IS 

24 

18  . 

(••) 

IS 

29 

14 

6 

•22 

26 

16 

5 

21 

12} 
4ft  ; 

■     ^-^         i 

(?) 

2.*< 

IRR  136—05 12 
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Ret^mh  of  pumping  ftlautM  in  Suit  Riivr  Vallnfy  Arizona^  on  which  putnping  tetUvrrt 

mode — C'<>ntiinu»<l. 


Name. 


Kind  <»f 
pump. 


IN>wi»r. 


(^OKt  of 

well  and 
pump. 


Murphy-MeQueen  « Centrifuj^nl . 


{Sti'amandi 

1     W(km1. 

C<mM)lidiitiKl  C-anal  ('«>.: 

No.  '2 do Kle<tri<" 

No.  3 do do j 

Valle.v  SetHllew  (trape  Co do <JHsoline..  . . 

TemiK'  waterworkH Triplex :  Ele<'t  rie  . . 

T.  J.  I*«rr)* Bucket iiaj<oline..| 

L.  Kuu7. Plun»fe Horse ' 

.,   .    ,,.  .,       ,    (Steam  and  | 

I).  I .  Cxjllins (Vutnfupil.  {  .        ) 


$H,(HJO 
8.000 


<  Jet), 

NelHon  &  Mellwaine ^ <io (ta.soline.. 

John  Ileaton riungc do  — 


3.700 
900 
•2W 

l.fiOO 

•2.200 
riOO 


^!SS*^3r  coirt 


mmutc. 

8,038 

2,223 
2,273  I 
518  I 

275; 

fi73 

62  1 

2,200  ; 

900  I 
120  . 


-acre-foot. 


foot. 


f      12.27 
1       2.97 

I         2.69 
!         3.80 

;    14.55 

2.91 
I  1.14 
1.98 
2.75 
X88 
3.87 


Ccwt  per 

acre-foot 

per  foot 

of  lift 


10.051 


.056 

.054 

.08 

.058 

.161 

.063 

.07 

.124 

.1S7 

.138 


u  C<»Kt  <1(K'M  not  include  interest  and  deprtH'iation.    If  this  he  added,  the  total  cost  becomes  approxi- 
mately $2.97  per  aere-ffK)t  or  6.s  eent^  iht  ft»ot  i>er  acrtvfoot. 

It  has  boeii  ostimatod  that  olectric  powtM*  can  })C  furnished  at  a  cx)st 
not  exceeding  §50  per  horsepower  per  yt^ar.  In  three  of  the  pump- 
ing phints  previously  described  the  hors(^power  consumed  at  the 
pumping  station  is  accunitely  known.  Since  these  three  use  electric 
power,  direct  comparison  can  b(»  made  as  in  the  following  table: 

CoM  (if  pumping  irith  pofirr  fnnmhM  at  f^'tO  per  hornejtomr  prr  pear  compared  with 

present  rout. 


Name. 


|n<.rseiH>wer,     ^^^^^''i^}, 
I  eonsumed.        '  "''^  ^'^  "^ 


i'ost  j)er 
iere-lo<)t. 


I  I 

i  Cost  per  aere- 
i      Pr.^v.mt        foot  per  foot 

i      rost    .   J  Oflihwith 

hon..p<.vor,f.K.tofliK.,     P^^^ 


Cost   IMT 

I     a(To-t(>«»t 
with  power 
lit  *v<»  per 


Connolidated  C'anal  Co. : 

No.  2 

No.  :5 

Tempe  waterworkn 


42.88  1 

$2.84  1 

$0.  m 

J?().  056  ' 

$0,012 

42.88 

2.«9  1 

.59 

.054  ; 

.0118 

31.51 

14.  r>r> 

1 

3.  «2 

.058  ; 

.0144 

The  experiments  upon  which  these  costs  an*  bas(^d  were  performed 
by  Engineer  P.  K.  Fuller,  and  are  thought  to  be  very  accurate.  For 
irrigation  purposes  the-  first  two  are  most  reliable,  since  they  are 
pumping  stations  established  (exclusively  for  irrigation.  No  allow- 
ance has  been  made  for  loss  of  tinu^  for  repairs.  With  such  an 
allowance  the  price  per  foot  per  acre-foot  with  power  at  $50  per 
horsepower  per  year  will  be  slightly  more  than  1.2   cents.     Owing 
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to  the  careful  and  painstaking  experiments  of  Mr.  Fuller  this  rate 
can  be  stated  with  considerable  confidence. 

-As  previously  stated,  there  are  places,  for  example  near  Tempe, 
where  the  water  table  is  less  than  10  feet  beneath  the  surface.  Allow- 
ing' a  local  depression  of  15  feet  due  to  the  action  of  the  pump,  or  a 
total  lift  of  25  feet,  water  can  be  raised  for  30  cents  per  acre-foot,  a 
price  much  lower  than  the  present  cost  of  canal  water. 

The  actual  cost  of  canal  water  in  Salt  River  Valley  at  present  is 
somewhat  difficult  to  estimate,  owing  to  the  manner  in  which  water  is 
sold.  The  price  nominally  paid  is  much  less  than  the  actual  cost,  for 
the  quantity  nominally  paid  for  is  seldom  received.  It  is  probable 
that  the  actual  cost  of  canal  water  at  the  present  time  is  little,  if  any, 
below  $1  per  acre-foot.  With  a  lift  of  65  feet,  which  has  been  assumed 
as  the  present  limit,  an  acre-foot  of  water  would  cost  78  cents.  The 
Consolidated  Canal  Company  finds  it  profitable  to  pump  water  at  a 
co.st  of  $2.84  per  acre-foot  while  others  are  pumping  at  a  cost  as  high 
as  ^.87  per  acre-foot.  At  the  rate  of  1.2  cents  per  foot,  water  could 
he  raised  with  profit  from  a  depth  much  greater  than  65  feet,  and 
the  pumping  area  indicated  in  the  map  (fig.  21)  could  be  greatly 
extended. 

COST   OF   PUMPING   IN    OTHER   REGIONS. 

It  will  be  instructive  to  compare  the  cost  of  pumping  water  in  Salt 
Biver  Valley  with  the  cost  as  determined  elsewhere.  The  following 
extract  contains  some  data  which  may  be  useful  :<* 

COST   IN   ARIZONA,  WISCONSIN,    AND   CALIFORNIA. 

The  reports  of  former  years  and  this  report  have  jriven  meager  returns  from  a  few 
pumping  plants,  showing  the  cost  of  raising  wat^r.  Mr.  Code  reports  the  details  of 
tests  made  by  him,  and  gives  as  his  general  conclusion  that  with  wood  at  $4  per  cord 
water  can  \ye  lifted  45  feet  for  $2.50  per  acre-foot,  and  that  with  power  delivered  to 
the  pump  at  $60  per  horsepower  per  annum  water  can  be  lifted  45  feet  at  a  cost  of 
$1  per  acre-foot.  Both  these  e4=<tiinat<*s  include  the  cost  of  attendance  and  a  fair  rat« 
of  interest  on  the  investment. 

Profeesor  King  gives  the  cost  of  raising  water  in  Wisconsin.  At  Madison  water 
was  raised  25  feet  at  a  cost  of  ^2.84  per  acre-foot,  using  coal  which  cost  $5  per  ton. 
At  Stevens  Point  water  was  raised  33  feet  at  a  cost  of  $3.32  per  acre-foot,  using  a 
gasoline  engine,  with  ga.'^oline  at  1 1.98  cents  per  gallon. 

Professor  Chandler  gives  the  cost  of  an  acre-foot  of  pumped  water  in  the  Tule  River 
Valley  at  from  $5  to  $7.40,  with  a  lift  of  71  feet  and  power  costing  $50  per  horse- 
power per  annum. 

The  following  table  gives  all  the  data  regarding  the  capacities  of  various  kinds  and 
I  of  pumps  which  have  been  included  in  all  the  Vmlletins  published  by  this  office: 


a  Report  of  irrigation  investigations  for  1901,  No.  1:  U.  S.  Dcpt.  Agric.  Bull.  119,  1902.  p.  34. 
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Capacity  of  pxnnp$. 


Pump. 


2.5-inch  Lawrence  centrifugal . . 

5-inch  Krogh  centrifugal 

Do 

5.5  by  8   inch   triplex  -  acting 
pump. 

8-inch  centrifugal 

Do 


Do. 
Do. 
Do. 


Pow»»r. 


I 


Uft 


Pitt. 


Capacity  per 
24hoiiiK 


.do 
.(io 


125 


19 


14 


18 
32 


15 


5-hor8epower  ganoline i 

1 2-horHepower  gasoline :      30      ; 


Do j  IS-horeepower  engine  (burn- 

I      ing  wood). 

Do I 

8-inch  Krogh 

10-inch  centrifugal SO-horsepower  engine 

12-inch  centrifugal I i      23 

16-inch  centrifugal '•  SO-horsepower  Friok  engine. . .;       14. 5  . 

18-inch  centrifugal ; ^ 

20-inch  centrifugal 

Double-cylinder  6-inch  pump  . .    4-horg«ep()wer  gasoline 

Triplex   pump,  5.5  by  8  inch     5-hor8epower  gasoline 

plungers. 

ComiKJund     duplex     pumping  '  80-horsepower  Ixnler 

engine. 

Worthington  compound  duplex    do 

steam  pumping  engine. 


Acre-feti, 
0.264 
1.32 
.99 
.594 

8.80 
6.60 
7.26 
7.04 
8.80 
4.40 

7.70 

6.60 

17.60 

15.40 

35.20 

44.00 

44.00 

.396 

.594 

132.00 

176.00 


('OST  OF  rrMFiN(;  in  new  Mexico. 

An  instructive  scries  of  experiments  has  recently  been  made  at  the 
New  Mexico  Agricultural  Experiment  Station  calculated  to  show  the 
compamtive  merits  of  several  makes  of  ])umps.  The  most  economic 
speed  was  determined  for  each  make  of  pump  t(\sted,  and  the  cost  de- 
teiTiiined  per  acre  of  irrigating  8  inches  deep,  using  wood  for  fuel  at 
$2.25  per  cord.  In  order  that  the  table  may  correspond  with  those 
previously  given,  the  figures  have  been  alten^d  to  read  in  cost  per  acre- 
foot.  Otherwise  the  figures  are  those  given  in  the  various  tables  by 
Vernon  and  Lester,^  except  those  in  the  last  column;  there  the  cost 
is  reduced  to  unit  of  lift. 


a  Vernon,  John  J.,  and  Letter.  Francis  E..  Pumping  for  irrigation  from  wcIIr:  N.  Mex.  Agric.  Exp. 
8U.  Bull.  No.  46.  1908. 


\s^^  "cost  of  pumping  wateb. 

Cost  of  pumping  at  New  Mexico  Agricultural  Experiment  Station.^ 
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Name  of  pump. 


Pump  run- 
ning at  mo6t 
economic 
speed, in 
gallouH  per 
minute. 


Van  Wie 

K.  D.Wood 

Kingsford 

Bryon  Jackeon . . 
Fairbanks-Morse 


600 
600 
824 
944 
824 


Cost  per 
acre-foot. 


12.05 
2.59 
2.39 
2.46 
2.47 


Lift. 


Co8t  per  foot 
of  lift  per 
acre-foot. 


Ft. 
27 
28 
34 
36 
35 


in. 

m 

i 
5i 

8i 
8} 


150.073 
.092 
.069 
.067 


i 


a  Fuel  is  dry  tomillo  wood  at  S2.26  per  cord. 


COST  OF   PUMPING    IN   CALIFORNIA. 


The  principal  expense  of  pumping  is  the  fuel,  and  the  great  cost  of 
fuel  is  responsible  for  the  high  rate  of  cost  of  pumping  in  Salt  River 
Valley.  In  order  to  compare  this  with  the  cost  where  fuel  is  inex- 
pensive, I  give  the  following  table  of  costs  from  pumping  plants  in 
California.  The  data  were  furnished  by  Thomas  H.  Means,  of  the 
Bureslu  of  Soils,  having  been  collected  by  his  assistant,  W.  H.  Knox. 
It  appears  from  these  data  that  water  is  pumped  with  crude  oil  and  dis- 
tillate as  fuel,  at  a  minimum  cost  of  less  than  1  cent  per  foot  per  acre- 
foot,  as  compared  with  a  minimum  of  8  cents  in  Salt  River  Valley, 
using  distillate,  and  5.4  cents,  using  electric  power.  It  appears,  also, 
that  with  fuel  at  the  price  paid  in  California,  water  is  pumped  cheaper 
than  the  estimated  cost  with  electric  power  at  $50  j^er  horsepower  per 
year,  the  minimum  being  1.18  cents  for  electric  power  and  0.8  cent 
for  crude  oil.  It  should  be  stated,  however,  that  allowance  is  made  in 
the  California  rates  for  little  besides  fuel.  It  is  thought  that  due 
allowance  for  int^iest,  depreciation,  etc.,  would  ])ring  the  mte  up  to 
at  least  the  estimated  rate  for  electric  power. 

Cost  of  pumping  in  (\ilifomi(i. 
[Data  coUecteil  by  W.  H.  Knox,  of  the  Bureuu  of  .Soil.s  of  the  Depurtnit'nt  of  AKriculture.] 


Owner. 


I^Kjatioii. 


M.  T.  Ireland . . .    Fowler,  Cal . . . . 

J.  Vincent ' do 

J.  S.  Brander ...  I do 

John  Hartly Fresno,  Cal 

J.  H.  Marsh I^)iie  Star,  Cal 

Aug.  Ganfraw . . .    Sanger,  Cal 

L.  C.  Jolley Dei  Rev,  Cal . . 


Kind  of  pump  used. 


Source  of 
Hupply. 


Burton,  4-inch Pond 

Kn)gh,  5-inch Well 

Kro^h,  8-inch 1 . 

Richardson,  5-inch Well 

Krogh,  6-inch do  . . . 

<lo Slough  .  - 

SanijiHon,  6-inch Pond 


Total  lift. 


Feet. 


\ 


15 
22 
20 
45 
25 
36 
15 
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Owner. 


(-apacity 
in  acre-  ' 
feet  per 
hour.     I 


Fuel  uaed. 


M.  T.  Ireland . . . :    0. 1 15     Distillate  . . . . 


J.  Vincent. 


I 


.10     do 


John  Hartly 

J.  H.  Marsh.... 


Aug.  Ganfraw...' 
L.  C.Jollev i 


I 
.  207  i  Distillate  . 

I 

.  15    , do  ... 


I 


Crude  oil . 
Distillate . 


,  Cost  per 
Codt  of  fuel  I  acre-foot 
per  hour.      per  foot 
of  lift. 


J.  S.  Brander . . .     «.  75    1  Crude  oil ' 


I 


J 


alO 

11 


Ont$. 
6  to    7.5 
17 

12.5 
10 
6  to   7.5 


I 


I 


__._L   _    ._i 

»  EstimatiHi. 


OenU, 
4.3 
7.7 

.8 
1.1 


.9 
1.8 


Remarks. 


Plant  not  yet  ftga- 
laled  for  bmt  re- 
sults.   • 

Has  been  operating 
two  yean. 

Distillate  costs  10 
cents  per  gallon. 

12-hor8epower  en- 
mne — cost  of  fuel 
mought  to  be  un- 
derrated. 


COST  OF   PUMPINCI   IN   E(}YPT. 

It  may  be  of  int<}rest  to  know  the  cost  of  well-established  pumping 
plants  abroad.  Thomas  H.  Means,  of  the  Bureau  of  Soils,  who  is 
familiar  with  irrigation  operations  in  Egypt,  has  kindly  furnished  the 
following  information  for  this  paper: 

Cost  of  pumping  drainage  water  at  MeXj  Egypt. 


Acro-foct      Price  of  coal  iSSf/?!' *?:;!: 


piimpCMl. 


l»er  ton. 


I  foot  per  foot 
oflift. 


1895-96 ,  141,750 

1 896-9  7 1 75 ,  8()0 

1897-98 187,  IHX) 

1898-99 280,800 

1899-1900 '  164,430 

1900-1901 255,960 


$6. 19 
8.  39 
8.  73 


Cent9. 
2.42 
2.31 
2.36 

1.87 
2.87 
2.79 


Kquipment  confiistH  of  live  Farcot  direct-acting  centrifugal  pumps  and  two  48-inch 
ccntrifngalH,  with  a  total  niaxinium  capacity  of  1,400  cubic  fe*^t  per  second,  though 
the  nonnal  output  is  not  intended  to  excee<l  1,125  cubic  feet  per  second;  lift  about 
10  feet.     This  is  one  of  the  largest  pumping  plants  in  the  world. 

Estimated  cost  of  pumping  drainage  mater  at  Kassasin,  Egypt. — Equipment  consists 
of  two  30-inch  centrifugals  and  one  20-inch,  run  by  direct-connected  double-expansion 
engines.  Total  capacity  given  as  88  cubic  feet  per  second;  expenses  of  plant  al>out 
120,000  per  year,  making  cost  of  lifting  about  4.8  cents  per  acre-foot  per  foot  of  lift. 


S-] 
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VAIilTE  OF  WATER. 

Having  ascertained  the  cost  of  procuring  water  by  pumping,  it  is  well 
to  know  what  return  can  reasonably  be  expected  from  its  use.  Prof. 
^Vl  f  red  J.  McClatchie,  of  the  Arizona  Agricultural  Experiment  Station, 
has  published  a  paper  dealing  with  this  problem.'*  The  following  table 
(Table  VI  of  McClatchie's  paper)  gives  the  returns  realized  from  the 
u.se  of  water: 

Record  of  principal  crops  (^rown  on  tfie  farm  of  the  Arizona  Experiment  Statiwi  during 

1901, 


US, 

II 

planting. 

*      1 
I 

i  1 

1 

1 
1 

«4 

a" 

i 

moui 
plied 
plant 

c 

as 

o          1 

d          j 

1 
3 

P 

3 

o 

< 

a 

Q            1 

!^. 

H 

Feci. 

1 

K,». 

Ff€t. 

^  heat  8own  in  moist  soil . . 

0.6 

Nov. 

26 

Mar. 

4 

Apr.      6  1 

3 

1.6 

2.2 

Wiieat  sown  in  drv  soil 

...   do 

Dee. 
Mar. 

8 
5 

....do...| 

Apr.     11  ; 

4 
3 

2.5 
1.5 

2.5 

^Vheat  sown  in  njoist  soil . . 

.6 

Dec. 

5 

2.1 

Do 

AS 

Jan. 

3 

Mar. 

7 

Apr.     14  ' 

3 

1.5 

2.1 

P^^tatoes 

.  7 

Jan. 

9 

Mar. 

17 

May    10  1 

4 

1.7 

2.4 

Do 

.  7 

Feb. 

1 

Mar. 

27 

....do..., 

3 

1.3 

2.0 

Do 

.  / 

Fel). 

22 

....do 

- . . 

....do..., 

3 

1.3 

2.0 

Tomatoes 

.6 

Feb. 

14 

Feb. 

26 

(.)ct.     28 

27 

3.7 

4.3 

Strawberries 

.  7 

Fel). 

16 

Fob. 

16 

Deo.     26 

36 

5.5 

6.2 

Melons 

.7 

Mar. 
Mar. 

16 

Mar. 
Apr. 

2(> 
11 

July      8  ' 
Oct.       3 

12 
13 

2.6 
4.3 

3.  3 

Ej^yptian  cotton 

5.0 

Corn 

..; 

A 11^'. 

•> 

A 11^'. 

\) 

Oot.       7  i 

5 

1.5 

2.1 

aMfClatcliif,  Alfred  J..  IrriKutinn  at  tin*  station  larm.  1S<»h-1«kM:  Ariz.  \^t\v.  Kxp.  Sta.  Bull.  No.  41, 
1902. 
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Rentrd  of  iir\nv\\m\  rmjut  f/nnru  on  Ow  far  in  of  thf  ArUtma  Krperimtiit  •Ntofioii  dun 

J!*0 1  —ContinuKH]. 


II 
II 


t 

3 


if 

7i 


J'immtit. 

Whoat  Hown  in  moist  Hoil . .    May    22       2.150  ^22.55 

Wheat  sown  in  <lry  soil do  . . .      1,  S5()  19.  40 

Wheat  sown  in  njoist  soil..    May    24       2,120  22.25 

Do May    M)       1,920  20.15 

PotatiMv ilo  ...'     :i,2lH)  HO.OO 

Do' May    25       a,  tUH)  S5.00 

Do May    'M)       :i,lHK)  70.00 

Tonmtm-s |p"|>'     ^~    ll2,;UX)  225.  IK) 

StrawlHTries ['j^^jj^;  ^'^Z    |  5,  (MX)  5(H).  (H) 

Mehms |;{j|j*^"i*  ^'^7    }27.  (KK)  140.  (H) 

K^ryptian  cotton Dec.     14           4(K)  (iS.  (X) 

Corn Doc.     10       l,'/:55  IS.(H) 


J510. 25  !  $12.  ao  ; 


9.<ys 

10.20 
9.  95 

;^5. 00 

:54.50 
84.  50 


9.15 
12.05 
10.20 
45.00 
50. 50 
:«.  50 


75.00  :  150.00 


$5.60 

3.e5 

5.74 

4.85 

18.75 

25.25 

17.75 

34.90 


I 


150.00  .  ;«0.00  ;      56.45 


20.00  i  114.00 

4S.(X)  :    20.00 
9.50  '      8.50 


JI4.55 

4.00 
4.05 


1 


LOC  ATIOX  OF  IM  MIMNC;  IM.ANTS. 

From  the  information  j)revioiisly  given  it  ap])oars  tliat  the  best 
places  for  pumping  plant.s  are  in  tlie  region  south  of  Tempo  where 
water  is  hut  a  few  feet  beneath  the  surface  and  on  the  h)whind8  along 
the  river  in  the  Phoenix  region,  rnfortunately  th<^  lands  uj)on  which 
})ump<»d  water  would  be  most  useful  do  not  li(»  at  a  lower  elevation 
than  the  areas  where  that  water  is  most  (»asily  obtained.  The  eleva- 
tion of  the  land  to  hv  irrigated  then»fore  enters  as  an  important  factor. 
In  order  to  flow  wat(»r  over  a  certuin  tract  of  land  it  frcHpiently  hap- 
pens that  ])unn)s  must  be  plac(Hl  on  compamtively  high  land  back  from 
the  river.  The  farther  a  well  is  from  the  axis  of  the  gravel  beds  -not 
necessarily  coincid(»nt  with  the  pres(Mit  river's  course  the  more  likely 
it  is  to  encounter  unfavonible  conditions. 

The  irregular  distribution  of  materials  in  the  valley  till  gives  rise  to 
many  annoying  surprises  in  constructing  wells.  Certain  wells  have 
entirely  failed  where  every  known  condition  j)romis(»d  success.  On 
the  other  hand,  wells  have  been  successful  in  localities  which  gave  lit- 
tle promise.  It  is  obviously  imjxxssible  to  foresee  in  more  than  a  gen- 
eral way  what  ccmditions  are  to  b(»  met  with  in  sinking  welb.  The 
figures  which  follow  are  diagiammadc  illu.strations  explaining  <(>ndi- 
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tiions  known  to  exist  in  Salt  River  Valley.     In  fig.  25  let  A  and  B  r-ep- 

Tesent  two  wells  with  the  water  standing  20  feet  below  the  surface  in 

esach  well.     Assume  (1)  that  the  material  in  which  the}'  are  put  down 

is  all  water-bearing  gravel  with  one-third  of  the  space  ot^'upied  by 

^ater;  it  is  plain  then  that  a  lowering  of  30  feet,  for  example,  will 

yield  wat^r  represented  by  one-third  of  the  space  a  h  h  f—t)\Q  space  in 

heavy  lining.     (2)  Assume  that  a  (j  c  is  impervious  clay  and  a  c  f  is 

water  bearing:  then  a  lowering  of  80  feet  in  either  well  would  yield 

water  represented  by  one-third  of  the  space  a  !  h  /-—the  shaded  jx)r- 

tion  of  No.  2.     (8)  Assume  that  a  (j  c  is  gravel  and  the  rest  clay;  then 

a  lowering  of  30  feet  in  well  A  will  yield  water  represented  by  one- 


(3)  (6} 

Fio.  25.— Diagramniatio  illu.strations  of  undtTground  conditions  affecting  peld  of  wells. 

third  of  the  space  ^/  />  /,  and  well  B  will  yield  nothing  (No.  3).  (4) 
Assume  that  </  ^  /*  is  gnivel  and  the  remainder  clay;  then  well  A  will 
have  no  water  and  wrll  B,  in  lowering  30  feet,  will  yield  water  repre- 
sented by  one-third  of  the  space  i'  j  li  f,  (5)  Assume  that  a  o  e  d 
is  gravel  and  the  remainder  clay;  then  well  H  will  yield  no  water  and 
well  A  onlv  so  nuich  as  is  represented  by  one-third  of  the  space  a  1  j  l\ 
(6)  Assiyne  that  a  <-  (^  d  is  clay  and  the  remainder  gravel;  then  well  A, 
in  lowering  30  feet,  will  yield  water  represented  by  one-third  of  sj)ace 
a  h  /,  while  well  H  will  yield  water  represented  by  one-third  of  the  space 
k  j  h  f;  and  the  waters  may  ditfer  in  quality  as  well  as  (juantity. 

As  a  matter  of  application  from  the  foregoing  illustrations  it  ma}'  ])e 
stated:  (1)  That  a  given  set  of  conditions  in  one  loc^ality  will  not  neces- 
sarily be  repented  in  another,  although  the  two  loc^alities  are  close 
together;  (2)  that  favorable  conditions  in  one  place  are  not  to  l>e  inter- 
preted too  freely,  and,  vice  versa,  that  unfavorable  conditions  in  one 
place  are  not  to  be  considered  entirely  discouraging. 


Rl^SUME. 

Some  of  the  more  important  facts  and  deductions  presented  in  this 
paper  maj-  be  stated  as  follows: 

1.  The  pfeological  formations  which  are  of  most  importance  in  and 
near  Salt  River  Valley  fall  naturally  in  three  groups: 

(A)  Pre-Cambrian  rocks,  consisting  of  Archean  granites  and  pre- 
Cambrian  quartzites  and  argillites,  in  w^hich  Salt  River  Valley  was 
originally  formed. 

(B)  Extensive  l)odies  of  eruptive  rock  associated  with  a  limited 
amount  of  massive  breccia,  apparently  of  Tertiary  age. 

(O)  Quaternary  and  recent  formations,  consisting  of  waterwom 
l)owiders,  gravel,  simd,  clay,  etc.,  which  partly  till  the  ancient  valley, 
and  are  known  as  the  valley  till. 

2.  The  valley  till,  at  least  to  a  depth  of  several  hundred  feet,  is 
regarded  as  upland  or  fluviatile  accumulation  and  consists  of — 

(.1)  River  debris,  composed  princi{)ally  of  waterworn  bowlders  and 
gravel  of  quartzite,  quartz,  chert,  granite,  etc. 

(li)  Wash  or  angular  material  derived  from  near-by  hillsides. 

(O)  Chemical  precipitates,  of  which  caliche  is  the  most  important 
from  a  geological  standpoint.  The  caliche  occurs  in  more  or  less 
impervious  layers  throughout  the  valley  till,  and  serves  in  many  cases 
to  contine  the  underground  water  under  more  or  less  pressure. 

3.  The  valley  till  is  not  the  result  of  a  single  j)oriod  of  aggmdation. 
Its  accumulation  is  due  to  at  least  two  ])eriods  of  aggradation,  perhaps 
more,  separat(Ml  by  a  period  of  degradation. 

4.  The  alternating  periods  of  aggradation  and  degradation  in  Salt 
River  Valley  correspond  with  similar  periods  in  other  })arts  of  Arizona. 
Detinite  correlation  of  the  similar,  ])ut  widely  separated,  deposits  is 
impossible  at  the  present  time,  Imt  uniformity  in  chanicter  and  suc- 
cession over  wide  areas  suggests  uniformity  of  cause. 

5.  The  cause  of  the  accunuilation  of  upland  deposits  and  of  the 
changes  from  degradational  to  aggradational  condition  of  streams  and 
vice  versa  is  regarded  as  due  (1)  to  changes  in  elevation  of  the  land, 
and  (2)  to  climatic  changes. 

6.  Salt  River  Valley  is  a  part  of  the  wide  aggraded  plain  lying 
southwest  of  the  great  continental  plateau.  Between  the  plateau  and 
the  plain  is  a  mountainoas  area  in  w^hich  faulting  and  local  crustiil 
movements  are  numerous.  Some  of  these  movements  have  probably 
affected  Salt  River  Valley. 
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7.  The  isolated  peaks  and  mountain  groups  in  and  near  Salt  River 
Valley  may  be  due  in  part  to  upthrust  of  crust  blot^ks,  but  are  regarded 
mainly  as  remnants  of  erosion. 

8.  The  plain  of  which  Salt  River  Valley  is  a  part  is  due  principally 
to  upland  accumulations.  In  the  process  of  accumulation  the  lowest 
outlying  hills  were  buried  and  the  higher  ones,  being  only  partly 
buried,  are  now  found  rising  abniptl}'  from  the  level  plain. 

9.  The  valley  fill  is  saturated  with  water,  and  the  various  beds  of 
gravel  are  so  intimately  connected  that  the  water  rises  to  a  definite 
level  forming  a  well-defined  water  table. 

10.  During  the  early  part  of  the  accumulation  of  the  valley  fill  Salt 
River  joined  Gila  River  east  of  Salt  River  Mountains,  forming  in  that 
region  the  bowlder  beds  through  which  the  main  course  of  the  under- 
flow now  finds  its  way,  but  at  a  later  stage  of  the  accumulation  the  river 
changed  to  its  present  course  north  of  Salt  River  Mountains,  forming 
the  uncemented  bowlder  beds  of  recent  origin,  in  w^hich  the  underflow 
occurs  in  the  Phoenix  region. 

11.  The  underground  waters  are  derived  mainly  from  Salt  River 
and  to  a  less  extent  from  the  occasional  floods  entering  the  valley  from 
the  surrounding  hills. 

12.  The  valley  fill  of  the  Mesa  region,  to  a  depth  of  over  200  feet, 
consists  mainly  of  river  gravels  with  a  subordinate  amount  of  finer 
material.  In  the  Phoenix  region  the  valley  fill  consists  mainly  of  fine 
material  with  a  subordinate  amount  of  river  gravels.  The  river 
gravels  of  the  Phoenix  region  o(»cur  parallel  to  the  river,  and  were 
deposited  in  a  secondary  valley,  cut  in  the  finer  materials  of  the  first 
period  of  accunmlation. 

13.  The  valley  fill  is  more  or  less  impregnated  with  various  salts 
derived  from  the  waters  of  Salt  River  in  former  ages  and  deposited 
with  the  detritus. 

14.  The  distribution  of  the*  gravel  beds  and  the  depth  to  the  water 
table  are  such  that  pumping  for  irrigation  can  })robably  be  carried  on 
with  profit  over  an  area  of  ^}2^>  s(juare  miles. 

15.  Although  some  of  th(^  underground  waters  of  the  valley  contain 
salts  in  quantities  which  may  l)e  harmful  to  land  under  certiiin  condi- 
tions, it  is  probable  that  with  proper  manipulation  all  of  the  waters 
can  be  safely  used. 

10.  The  underHow  returns  in  part  to  the  surface  in  certain  places  in 
the  valle3%  making  a  surface  flow  estimated  as  something  over  100,0()0 
acre-feet  per  yeai-. 

17.  The  principal  water-bearing  horizon  is  about  15  miles  wide  in 
the  Mesa  region,  and  extends  to  a  depth  of  over  200  feet. 

18.  The  (juantitative  (\stimate  of  the  underflow,  based  on  experi- 
ments, indicates  ji  volume  of  flow  of  148,1JM>  to  287,700  acre-feet  jwr 
year.     At  this  rate  scmicthing  less  than  1)0  pumping  plants  of  tV\t 
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average  capaeity  (2()0  inches)  could   In?  operated  continuously  and 
retain  the  water  level  within  pumping  distance  of  the  surface. 

19.  The  reserve,  or  the  quantity  of  water  contained  in  the  vallej 
till  at  any  one  time  within  pumping  distance  is  verj'  much  greatei 
than  the  volume  of  flow.  Cons(»rvative  estimates  place  the  volume  ol 
the  reserve  of  Salt  River  Valley  at  from  2,500,000  to  4,000,000  acre 
feet. 

20.  The  cost  of  pumping  water  in  Salt  River  Valley  varies  from  5.-1 
to  18.8  cent^  per  acre-foot  per  foot  of  lift,  or  a  cost  per  acre-foot  ol 
pumped  water  of  from  $2.50  to  something  like  Sf5. 

21.  Since  fuel  is  the  great  item  of  cost,  the  cost  could  be  greatly 
reduced  by  the  use  of  electrical  power,  which  might  be  furnished  foi 
about  $50  per  horseiK)Vver  jhm-  year.  At  this  rate  the  best  pumping 
plants  of  Salt  River  Valley  can  niise  water  at  a  cost  of  1.2  cents  pei 
acre-foot  per  foot  of  lift,  or  at  an  average  cost  j>er  acre-foot  of  pumped 
water  of  soniething  like  75  cents  for  the  present  lift. 

22.  The  value  of  an  acre-foot  of  water  applied  to  irrigation  in  Salt 
River  Valley  varies  from  i^^.6^  to  $5().45. 

23.  The  volume  of  underflow  is  large,  hut  not  inexhaustible  by  the 
operation  of  pumps.  It  is  capable  of  (extended  development,  but  there 
is  danger  that  a  greater  dnift  will  be  made  upon  it  than  is  consistent 
with  the  maintenance  of  the  water  level  within  practicable  pumping 
distance. 
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mechanlcjiL    rf^^iiUM   of,    table 

showlDB 100 

of  caliche 108 

of  water  from  Alhambra  Ilotol 

well.    Mesa 40.138 

from  Frank  Alkln»'s  well  S7, 

137, 143 


from  Bartlett- Heard  Land 

and    Cattle    rompa- 

ny's   well 

OS.  142 

from  Rol)ert  Howon's  woll 

42.  142 

from     H.     F..     Chandlers 

wells  _    .    --   37.  1J<J 

127.137 

from  (tfH>r;re   C   Collins's 

well    ._ -- 

70,  139 

from  CnnHnUdnted    Canal 

Company^  \v«MIs_ 

M.  2r>,  2S 

from     *'cK»[M'rn  ivo     <'om 

pany's   ditch  ._ 

127 

from   Desert    \vell_  .    _ 

41.  138 

from     Itrlstol      I'Munnncr- 

felfs    woll         _ 

3S.  142 

from  B.  A.   F<»\vl«'rs  w«'II 

t>o.  137 

from  (Ulu  KiviM- 

140 

from  (Ilia  Valley  lake    . 

127 

from  CJlendf'lf  beot-simar 

factory   well 

85-80 

from  Glendale  town  well . 

88. 

137.  144 

from    H.    W.    Hamilton's 

well 

89 

Page. 
Analyses  of  water  from  A.  J.  Han- 
sen's wells 32.  120,  127 

of  water  from  J.  J.   Harris's 

well 79 

from  John  Heaton's  well  81 
from  A.  R.  Jenkins's  seep- 
age ditch 45 

from  Kunas  &  Sons'  well_     73,  139 

from  V.  Mets's  well 40,  138 

from    Thomas    Murphy's 

well  No.  1 83 

from  W.  J.  Murphy's  well     85,  137 
from        Murphy-McQueen 

wells 15,138 

from  K.  Olsen's  well 31. 

120-127,  138 
from  Ostrich  ranch  well.  80.  142 
from  C.  W.  Perkins's  well  07 

from      Phoenix       Indian 

School    wells 72, 

1.38-1.39,  142 
from       I*hoenlx       Water 

rompiiny'ii  wells .   _.     0.5. 143 
from   UtclmrdHon  dllrh--     82.141 
from    Sahara    oases.    Al- 
geria     150 

from  A.  H.  Smith's  well-     88.  137 
from    Tempe    waterworks 

wells 35 

from   TerrUorUil   Asylum 

wel  70 

from    underflow    of    Salt 

and   tiim   rivers 127 

from       Valley       Seedless 
Grape    Company's 

wells .     34.  141 

from  Lewis  Wetzler's  well     74, 141 

from  J.  A.  WIeder's  well-  90, 

1.39.  143 

tables  giving 1.37-145.  140 

Ancient  river  channels.  location  of  125-127 
Andrada,    Sylvester,    well    of,    de- 
scription of 43 

Apache  group,  correlation  of 90 

Apgar,  W.  A.,  reference  to 152 

Archean  ruiks.  i.,r-..'iirTr'r»''<'  of 95 

ArKlIlltes.  plate  showing 90 

Arizona,  central,  map  of 11 

vegetation  In.  effect  of  salts  on  148-149 
Arizona    Agricultural    Experiment 

Station,  crops  at  _-.  183-184 

189 
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rage. 

"Arlsona  Inches,"  equivalent  of It) 

Asylum  for  the  Insane,  Territorial, 
well  at,  description 
and  statistics  of 60-70 


Babb,  Cyrus  C,  reference  to l.VJ 

Dnker,  Sheldon,  reference  to 147 

Bartlett,  S.  C,  well  of,  description 

of M«.  03,  132 

Bartlett-IIeard  Land  and  Cattle 
Company,  well  No.  3 
of,  pumping;  test  at, 
depression  of  water 
table   durlnjf,    flfcure 

showing 08 

wells  of,  description  and  sta- 
tistics  of__  38-30.  07-00,  142 
Beet-sugar  factory.     Scv  (Jlendale. 

Beldon.  D.  W..  reference  to 00 

Bell  Butte,  view  of 100 

water  table  at ! 123 

Bellerophon  sp.,   occurrence  of 07 

Benson,  bed  rock  at,  depth  to 112 

Ben  Hadrian,  garden  of,  Algeria, 
analysis  of  water  In 

well  at LV) 

Blake.  William  l\,  cited 00.  107-108 

reference   to 110.111 

Bowen,  Rol)ert,  reference  to 100.  107 

well  of,  description   and  sta- 
tistics  of 42,  142 

Bowlder  beds,  extent  of 134 

^Ve  also  Valley  till. 
Bradshaw,  .T.  K.  and  W.  W..  well 
of,    description    and 

statistics   of 78.01 

Brown,  .T.  L.,  well  of.  description 

of 78  i 

Buchnnan,  Thomas,  reference  to__       40.  41   | 
I'uckeye  canal,  flow  of  water  in.  _  152 

Bureau   of   Soils,    information   ob- 

talUiHl  by.  In  eastern  ' 

Algeria 140-1,'>0  ; 

tract    leased    l)y,    for   demon- 
stration of  reclama-  | 

tlon     methcKis 140  , 

Burrows.   C.   well   of,  descrlptbm  i 

of 80 


C. 


Caliche,  occurrence  and  character 

of 107-111.180 

California.      pumping      in,      cost 

of 170,181-182 

underflow   In,  velocity  of 100 

Camarotcpchia     metal  Ilea,     occur- 
rence  of 07 

Camelback  Mountain,  rocks  of 0."),  08 

view   of 08.  118  I 

Canal  water,  cost  of 170 

Carlwniferous     rocks,     occurrence  | 

and  character  of —       07-98  | 


Carpenter,  L.  C.  cited  on  Telocity 

of  underflow 169 

Cave  Creek,  data  concernlnir-  106, 130-131 
('handler,  I^rofessor,  reference  to_  179 

Chandler,  A.  J.,  reference  to 23,  24 

Chandler.  II.  L.,  wells  of,  condi- 
tions at 16-17.35 

wells  of,  description  and  sta- 

I  tlstlcs   of 37-38. 

114.122.126-127,137 
Chemical    precipitates,   occurrence 

and  character  of 107-111 

Code.  W.  II.,  cited 12,29.64.152 

reference  to 179 

Cole.    N.    ().,   well   of,   description 

and  statistics  of 90,04 

<V>lllnH,    (fcorge    C.    Information 

from 75 

plant  of,  data  concerning 178 

well  of,  description  and  sta- 
tistics of_   75-76,  91,  139. 148 
gravel    at    and    one-half 
mile    north    of,    me- 
chanical analyses  of-  164 

plate  showing 34 

Colorado,  underflow  In,  velocity  of_  169 

Colorado  Klver,  rocks  and  deposits 

on 112 

ConsolIdattMl  (\inal  Company, 
plant  No.  1.  descrip- 
tion and  statistics  of       18-22 

plant  No.  1,  plate  showing 18 

pumping  tests  at.  depres- 
sion of  water  table 
during,  figures  show- 
ing           10.20 

plant   No.   2.  description  and 

statistics  of__  22-24.  177.  178 
plant   No.   3.  (ics<riptlon  and 

statistics  (.f_.   24-20.  177.  178 
plant    No.   4.   dcsj-ription  and 

statist i<'s  of 20 

plant    No.   ."».   (icsciiptlon   and 

statistics  of 27 

plant    No.   0.   description   and 

Stat  1st l«'s  of    . 28 

plant    No.   7.   description   and 

statistics  of 28 

power  plant  of.  (•<!«:«>  of  mesa 

near,  view  of  . 28 

seepage  well  of.  description  of  20 
pumping      from.      water 
levels      lK»fore      and 
after,     ligun»     show- 
ing               20 

wells  of,  description  and  sta- 
tistics  of   .._ 17-30 

Cooiwr,  .T.  D..  pumping  plant  of. 
Irrigation    at.    plate 

showing 82 

well  of,  description  of 82 

Cooperative  Ditcli  Company,  water 

of.  analysis  of 127 

Crinolds.      fossil      fragments      of. 

occurrence  of 07 

Cyathophyllum  sp.,  occurrence  of  _  07 
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Darton,    N.    H.,    cited    on    under- 
ground   flow 150 

DaTU,  A.  P.,  cited 105-106.  152 

WbrlR,  accumulations  of 115 

8r€  aUo  River  debris. 
Iwp  weila,    varlntiona   of   water 

level  m 121-122 

Desert    vegetation,    typical,    near 

Tempe,  view  of 14S 

Desert  well,  caliche  at UO 

description  and  statlatlca  of_  40-41.  l.HS 

surface  deposits  at -^  104 

water  level  In.  variation  ln__  121 

E. 

Kaat  Lake  Park  well,  description 

of 7a 

Economics  of  the  district 1:^5-185 

Elfypt.  pumping  In,  cost  of 182 

vegetation   In,   effect   of  salts 

on 140-150 

Electricity,     pumping     water     by, 

cost^  of 178,  188 

¥. 

Faulting,  occurrence  of  _   115-116,180-187 
Flah,    fossil    teeth    of,    4)ccurrence 

of 07 

Flow,  rates  of 1.56-100 

velocity  of.  In  various  kinds 
of  soil,  tables  show- 
ing    157,150,100 

Flow,  maximum,  in  various  kinds 

of  soli,  table  showing  157 

variations  In,  \\u^-  {**  iijt'SHiin\ 

figure  showing 15s 

Flow,   relative,   variations   In,  due 

to   porosity    158 

variations  In.  due  to  teniiHT- 

aturo __  154 

Flummerfelt.  Bristol,  well  of.  de- 
scription and  statis- 
tics of _    __      :m.  1  12 

p'orbes,  R.  II.,  cltinl 14.-».  14«;.  147.  14S 

note  by.  on  cnllehe .      .   1  in   ill 

reference  to 15.  21.  11(».  111.  l.^^•. 

f'osslls,  occurrence  of.  in  II  me- 
stones        of        Tonto 

basin . 07  OS 

Fowler,  B.  A.,  well  of.  description 

and  statist  Irs  of       _     oo,  i;{7 
Fuller,    P.    K.,    elt<Ml    on    cost    of 

punifiln;;  water   is 

reference  to .^.  17. 

2:?.  24,  :•>»;.  os.  i7s.  170 

(}. 

<.;eology  of  the  district 05-110.  180 

<illa  River,  character  of__ 117 

gravel  of.  purnslty  of 174 

underflow  of 151 

/IPftlprsJfl    of 120-127 


l»age. 
Cilia  River,  underflow  of,  volume  of  170 

water  of,  analysis  of 140 

(*lla  Valley  lake,  novel  formation 

of 126 

water  of.  analysis  of 127 

<Jin)ert.  (J.  K..  cited 112 

reference  to 09,100 

(ilrty.  (fcorge  II..  note  on  fossils  by  98 

(ilendale.    lieet-sugar    factory    at, 
well    at,    description 
and  H I II M }^  r  3  E  H  nt        8.5-80.  93 
(ilendale    timii    well     deHtrlinion 

nnd  utiUltttlcs  iif-  88,  I'M,  144 

(iranlllo.  Jos^i,  refereuc**  to 4.3 

(Iranite.  occurrence  of 05-lMK  09 

(travels,  wjiter- bearing,  depth  to 15, 

110-122 

deposition  of 10,  118 

extent  of.  figure  showing 118 

mechanical  analyses  of ItW-lOO 

occurrence  of 101-102,125 

porosity  of.     tivv  Porosity. 
I  relations  of  structure  and.  flg- 

I  ure  showing 118 

'  samples    of 102-106 

I  water  In.  quantity  of 171-17.3.  188 

I  wells   in 118-119 

I            *frf  also  Sheet  wash. 
I   (J round    water,    chemical    charac- 
ter of 130-1.50 


II. 


Hamilton.  II.  W..  well  of,  descrip- 
I  tlon  and  statistics  of       88-89 

;   Hansen,  A.  .1..  pumping  plant  of. 

!  plate  showing 28 

wells  of.  description  and  sta- 
tistics  of 31-32.120,127 

Harrington  well.  descrlptUm  of 43 

Harris.   .T.   .1.,   well   of.  description 

and  statistics  of__   78-70,  134 

Hawley.  U.  W..  reference  to 03.01 

Ilayne,   L.  ('..  well  of,  description 

of     _J 81 

Hazen.   Allen,   reference  to 102,  100.  1(»7 

Heard.   D.  15..   reference  to 38.123 

well  of.  K'rav<«l  at.  mechanical 

.-malyses   of 10.5 

lleaton.  .lohn.  well  of.  description 

and    statistics    of_-_        80-81 
Hough,    Samuel,    well    of,    descrip- 
tion of 88 


1. 


Ij,neous  rocks.  oc<Mirreuce  of 100.  180 

Indian  canal,  amount  of  waiter  re- 
ceived by 152 

Indian  School.  Ncr  Phoenix  In- 
dian   Schfuil 

Insane  Asylum.  /sVr  Asylum  for 
the  Insane. 

Irrigation,  by  bucket  method,  plate 

showing 82 


192 


INDEX. 


IriiKatloD,  methodn  of.  In  Sahara 

oa«»H 141>-ir>0 

iiHo    of    alkallno    and    Hallne 

waters  In 140-150 

value  of lHa-184 

J. 

Jenkina,  A.  IL.  seepage  ditrli  of. 
deHcription  and  sta- 
tlHtlrs   of .        44-45 

Johnson,  H.  F..  well  of.  description 

and   Htatisties   of...        :«>  4o 

K. 

Kansaa.  nndepflow  in.  velocity  of_   15(i.  lrtl> 
Kassasin.   K^ypt,  cost  of  pumping 

at IMi: 

Kellner.  K.  F.,  well  of.  description 

and  statistics  of 70, 

i;<-\  i:u.  lUl 

Kinp.  .1.  Q.  A.,  reference  to 103 

Kin^.    Professor,   reference   to_-    _  170 

Kleinman,  Daniel,  well  of.  caliche 

at    -  110 

well   of.   description   and   sta- 
tistics  of 41-42.  110 

Knox.  W.  II.,  referenc<«  to _.  ISl 

Kudi  Asli.  oasis.  AlKerin.  analysis 

of  water  in  well  at.  15«» 

Kunz.  L..  &  Sons,  well  of.  descrip- 
tion and  statistics  of      72-73. 
01.  130.  148,  177-178 
Kiintze,  R.  E..  reference  to 72 

L. 

LamlK\ve  canal,  amount  of  water 

received   by   152 

I.ava.  occurrence  of loo 

Lee.   \V.   T..  clttni 125.  130,  17<» 

Lel^hton.  M.  O..  reference  to 147 

Leon  canal,  amount  of  water  re- 
ceived l)y 152 

Leptopora  typa.  occurrence  of 07 

Lift,  profltahle.  hel»:ht  of 1.35-1.30 

Lester,  Francis  E.,  cited  on  pump- 
ing in  New  Mexico-  180 

M. 

McC'allum,  N.  P.,  well  of.  descrip- 
tion and  statistics  of      74- 

01. 131 
well  of.  pravel  at.  mechanical 

analyses  of 105 

Mc<^latchle.    Alfr'Ml    J.,    cited    on 

value  of  water 18.3-184 

McDowell,  Mount,  cross  section  of 

Venle  Valley  near__  101 

location   of 101 

rocks  near 115 

Mann.  J.  S..  reference  to 107 

Maricopa  and  Salt  River  canals, 
amount  of  water 
taken  by    152 
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Paj?e. 
Means,  Thos.  H.,  cited  on  alkaline 
and  saline  waters  in 

Irrigation 149-150 

reference   to 136.  145.  181.  182 

Menophyllum  excavatum,  occur- 
rence of 97 

Meridian  canal,  amount  of  water 

received    by 152 

Meaa,  deep  well  at,  data  concern- 
ing    115 

elevation  of 115 

water  tabie  at.  decline  of 121 

Mesa   region,  gravels  of 118-110, 

125,  12S-12l>.  187 
ground  water  in.  level  of.  va- 
riations in 04 

location   of 11 

map  and  sections  of 120 

physiography  of 118-131 

structure   of 101-102 

water  of.  quality  of 4tJ-47 

water  table  In,  position  of-  119-122.  187 

well  rei'ords  in 12-64 

Mesa  Township,  shallow  wells  In. 
table  givlnir  records 

of 48-50 

water   table   in 110-122 

Messinger.  M.  W..  well  of.  descrip- 
tion and  statistics  of       85.  01 
Mots.    Phil,    well    of.    description 

and  statistics  of-.  45-46.  138 
Mex,  Egypt,  cost  of  pumping  at-_  182 

Miller,    t:<iward,    well    of,  descrip- 
tion and  statistics  of  87 
Moore,  W.  C,  well  of.  description 

of   ___    80 

^lountalns,    relatlonn    of    plains 

and    117-118,131 

Muldrow,    U()l>ert.    reference   to 48.00 

Murphy,  M.  M..  ref(M*ence  to 151.152 

Murpliy,  S.  ,1..  well  of,  log  of Hi 

well   of,  section  of-_    12 

Murphy,  Thomas,  wells  of,  de- 
scription and  statis- 
tics of  82-84. 114 

Murphy.  \V.  .1.,  well  of,  descrip- 
tion    and     statistics 

of    84-85.01.137 

Murphy-McQueen    pumping    plant. 

caliche  at 100-110 

plate  showing-    -   _ 12 

Murphy- McQueen     wells,     descrip- 
tion    and     statistics 
of  -.     12-17.  114,  125,  1,38.  101 
gravel    nt.    mechanical    nnaly- 

Hes    of H»r> 

water    level    In,    after    pump- 
ing,  figure   showing-  14 


N. 


I  Nelson    &     Mcllwaine    wells,    de- 
scription and   statis- 
!  tics   of—    70-78,91,177-178 

I  New  Mexico,  pumping  In,  cost  of.   180-181 
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Olson,    E..    wells    of,    description 

and   statistics  of—      30-31, 
126-127.  138 
wells  of.  water  level  In,   va- 
riation  of 121 

Orme.    J.    P..   well   of    desicriptlon 

and   fltatistlcs   of-     89.9.3,94 
Orme.    L.   B..   well   of.   descrlptloti 

and  j?tiUi»Hc«  of  89.94 

Ostrich     ranch    \vvl\.    lU'^orlptlim 

and  statistics  of..  79-80.  142 

P. 

Parry,   T.   J.,  well   of.  description 

and  statistics  of  ___      4.3-44, 
177-178 
I*enlnsula  canal,  amount  of  water 

received    by ir»2 

Perkins.  C.  W..  well  of,  descrip- 
tion    and    statistics 

of 00-07 

Perry,  Wm.  II.,  well  of,  descrip- 
tion   anci    statistics 

of 78,91 

Phoenix,   canals   west   of.   amount 

of  water  received  by  ^r^'2 

Phoenix      Indian     School,     water 

table  at.  decline  of_  121 
wells  at,  description  and  sta- 
tistics   of 70-72. 

132-1.3.3.  1.38-1.39.  142 
Phoenix     Light    and     Fuel     Com- 
pany,    well     of,    de- 
scription    and     sta- 
tistics  of 00 

Phoenix  Machine  and  Cold  .Stor- 
age Company,  well 
of.    description     and 

statistics    of 07 

Phoenix   Mountains,   base  of.   map 

of 117 

rocks    of 00 

tilted  pre-Cambrlan  «ninrtz 
ites  nnd  nrKnilt«'s 
in.    pliite    sljowln^'   _  00 

Phoenix  Peak,  vb'w  r)f__   _ or, 

Phoenix     region,     (llstrllmtlon     of 

material    In _   i:n-i:i2 

extent  of  Iw>wI<1<m-  bods   In.  1.31 

geograpblc    <'hanj;cs    In      ..-  1.3.3 

jn-avel   of__   .._   ._   _   lOL'.  I.s7 

limits    of-__  ...      .  n 

physIoj:rapliy    of.    ._    .    .      _   l.'ll-l.U 

structure   of ^    _    .       ..  .  1(»2 

water   tabb'   of_      __    _.      _    _  1.3.3 

well    reconls    In     .    _    _.      _    .        01-04 
I'hoenix     Water     ('oini)an.v.     w<»lls 
of.     (b'scrlptbm     and 
statistics    of.      f,4-0,'>.  01.  14:5 

Pliysiojcraphy  of  tlie  <llstrkt 117-134 

Plains,     relations     of     mountains 

and    117-1  IS.  1.31 

riatycerns  sp  .  oernnence  of *M 

iRR  i:u»— <K". KJ 


Page. 

Porosities  of  soil,  constants  for 155 

Porosity,  determination  of 162-168, 

173-174 

of  Salt  River  Valley 171 

practical,   discussion    of 173-176 

See  also  Flow. 
I*re-Cambrlan     rocks,     occurrence 

and  character  of_  95-97,  186 

plate  showing 96 

Pressure.     See  Flow. 

Price,  J.   A.,  well   of,  description 

of 43 

Productus     levlcosta,     occurrence 

of 97 

Pumping,  amount  of.  possible 
under  existing  condi- 
tions   175-176,187-188 

I  cost  of,  at  Collins  plant--  76,  177-178 

'  at  John  Ileatons  well-  81,  177-178 

1  at  Kunz  garden 73,  177-178 

at  Murphy-McQueen  ranch      13-14, 
177-178 
at    Nelson    &    Mcllwnine 

plant 77-78.  177-178 

at  T.  .T.  Parry's  plant.  44.  177-178 
by     Consolidated     Canal 

Company  _    2,3-24.  25.  177-178 
by    Phoenix    Light    and 

Fuel  Company 00 

by  Valley  Seedless  (J rape 

Company 34,177-178 

discussion  of 177-1S2.  188 

from   Tempe   waterworks 

wells .30.177-178 

in     Arizona.     Wisconsin. 

nnd  California 170-180 

in  California lHl-182 

in  Ejfypt 1S2 

In  New  Mexico 180-lSl 

In  Salt  Hlver  VaHey 177-170 

witb  electric  power 17H,  ISS 

profitable,  area  of 1.3."»-130.  1S7 

Scr  also  Alkali. 
Pumping  plants,   location  of_   170.  184-18.", 

views    of 12.  18.  2S.  82 

Pumps,  capacity  of,  table  sbowing.  ISO 

numlKJr   of.   reipilred    to   raise 

water  of  underflow.  175 

Q. 

Quartzlte.s,  plate  showing 00 

Quaternary  formations,  occurrence 

and  character  of 1(M)-110 

(>ueen  Creek,  description  of lo4-l(>7 

discharge  of KK'.-IOO 

It. 

Ilalnfall,  average  annual 120 

Ransome,  F.  L.,  cited 00.  112.  115 

Reserve.     Svc  Cnderground  water. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geoixxiical  Survey, 

Hydrograpiiic  Branch, 
Washington,  J).  C,  September 'J3,  190^. 
Sik:  I  transmit  herewith  a  paper  entitled  ^'^  Development  of  Under- 
ground Waters  in  the  Extern  Coastal  Plain  Region  of  Southern  Cali- 
fornia/' by  Mr.  W.  C.  Mendenhall,  and  recommend  that  it  Ih».  published 
in  the  series  of  Water-Supply  and  Irrigation  Papers. 

This  report  is  the  first  of  three  papers  on  the  underground  waters 
of  the  coastal  plain  of  southern  California,  which  are  being  prepared 
by  the  division  of  hydrology  under  the  general  direction  of  Mr.  N.  H. 
Darton.  When  the  series  is  complete  it  will  contain  a  list  of  nearly 
all  the  wells  in  this  section  of  the  State,  with  such  data  as  to  water 
levels,  irrigation  systems,  and  irrigated  lands  as  could  be  collected  by 
a  careful  canvass. 

The  studies,  a  part  of  whose  results  are  })eing  made  available  in  this 
way,  are  planned  to  cover  all  the  important  water-bearing  lands  of  the 
valley  of  southern  California.  In  most  instances  the  facts  gathered 
concerning  the  wells  and  the  distributing  systems  will  be  supplemented 
by  a  study  of  the  local  geology  in  so  far  as  it  controls  the  amount, 
distribution,  and  circulation  of  the  ground  waters.  The  hydrographic 
data  and  the  geglogic  data  will  then  be  discussed  and  issued  together 
in  one  report.  In  the  coastal  plain  area,  however,  the  geologic  con- 
ditions being  relatively  simple,  and  the  hydrographic  data  being  large 
in  volume  and  of  paramount  importance,  it  is  deemed  best  to  issue  the 
latter  at  once,  rather  than  to  delay  it  pending  the  working  out  more 
fully  of  the  comparatively  unimportant  geologic  problems.  Therefore 
the  tables  and  maps  are  presented  here  for  the  consideration  of  water 
users,  with  a  comparatively  brief  text,  which  is  chiefly  descriptive, 
but  includes  a  discussion  of  the  effects  of  development  and  drought  in 
bringing  about  those  changes  in  water  levels  and  in  the  outlines  of 
artesian  areas  which  have  been  most  marked  within  the  last  five  or  six 
years. 

Very  respectfully,  F.  H.  Newell, 

Chief  Enciineer, 
Hon.  Charles  D.  Walcx)tt, 

Director  United  States  Geological  Survey. 
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DEVELOPMENT  OF  UNDERGROUND  WATERS  IN  THE 
EASTERN  COASTAL  PLAIN  REGION  OF  SOUTHERN 
CALIFORNIA.  

By  W.  C.  Mendeniiaix. 


rNTROJ>UCriON. 

In  California  generally,  irrigation  engineering  and  water  develop- 
ment are  further  advanced  than  in  any  other  part  of  the  Union,  and  in 
no  other  part  of  the  State  has  the  scientific  study  of  water  conserva- 
tion, distribution,  and  application  been  carried  out  so  fully  as  in  the 
valley  region  near  Los  Angeles.  The  lands  are  highly  productive 
when  water  can  be  applied  to  them.  The  climate  is  semiarid,  with  a 
rainfall  of  from  10  to  20  inches  in  the  tillable  areas,  practically  all  of 
which  is  confined  to  the  winter  months.  This  is  not  suflicient  to 
mature  the  more  valuable  crops,  hence  irrigation  nuist  be  resorted  to, 
and  the  extension  of  the  areas  of  cultivation  is  dependent  upon  an 
increase  in  the  water  supply.  The  flowing  waters  from  the  mountain 
(^nyons  were  long  ago  appropriated,  and  the  attention  of  irrigators 
and  engineers  during  the  last  decade  has  been  turned  largel}^  toward 
the  development  of  the  subterranean  sources. 

As  a  preliminary  step  in  the  study  of  the  amount,  availability,  dis- 
tribution and  proper  use  of  underground  waters,  the  majority  of  the 
wells  within  the  region  have  been  visited.  Data  have  been  collected 
concerning  the  size,  depth,  yield,  and  cost  of  the  wells,  and  the  tem- 
perature, purity,  and  use  of  the  waters.  The  present  and  past  arte- 
sian areas,  the  irrigated  lands,  and  the  main  canal  systems  have  been 
mapped.  Outside  the  artesian  belts  the  ground -water  level — the  posi- 
tion of  the  surface  of  the  plane  of  saturation  —has  also  been  determined 
as  closely  as  possible.  In  short,  the  object  of  the  work  has  been  to 
collect  all  information  which  will  be  of  value  in  the  further  develop- 
ment of  the  water  resources  or  which  throws  light  on  past  develop- 
ment and  its  effects.  It  is  planned,  as  the  work  continues,  to  examine 
carefully  the  general  geologic  conditions  in  the  water-bearing  areas, 
as  the  depth,  form,  storage  ciipacity,  and  origin  of  the  subterranean 
reservoirs  and  the  circulation  of  the  wat(u*s  within  them  are  questions 
of  geology.     The  extent  to  which  these  stored  waters  may  safely  be 
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drawn  upon  depends  upon  their  amount  and  the  rate  at  which  theya^^ 
replenished.  Some  observations  on  the  latter  question  have  be€?-^ 
made,  and  others  more  extended  and  systematic  have  been  begun  h^ 
the  Survey. 

By  the  valley  of  southern  California,  within  which  this  work  \i^ 
undertaken,  is  meant  that  region  extending  30  or  40  miles  south  of  the 
San  Gabriel  and  San  Bernardino  mountains,  and  lying  between  the 
Pacific  Ocean  and  Cajon  and  San  Gorgonio  passes.  It  includes  the 
greater  part  of  the  productive  lands  of  the  southern  section  of  the 
State,  and  within  it  lie  most  of  the  prosperous  settlements  which  have 
become  famous  for  their  beauty,  fertility,  and  healthfulness. 

In  the  preliminary  work  on  the  underground  waters  within  this 
region  the  Survey  representatives  have  examined  about  11,000  wells 
of  all  kinds,  from  those  but  a  few  feet  in  depth  and  used  only  for 
domestic  supply  or  for  stock,  to  bored  wells  1,200  feet  deep  and  yield- 
ing in  many  cases  copious  flows  of  irrigation  water.  The  amount  of 
statistical  data  which  has  been  thus  assembled  is  large,  and  through 
the  courtesy  and  interest  of  water  users  and  irrigation  companies  is 
constantly  increasing. 

The  Anaheim  and  Santa  Ana  quadrangles,^  which,  together  comprise 
what  is  callexl  in  this  paper  the  eastern  coastal  plain  region,  include 
an  area  35  miles  long  and  15  miles  wide,  extending  from  longitude 
117^  45'  to  118^,  and  from  latitude  34^  to  the  Pacific  Ocean.  Thin 
area  includes  the  lower  portion  of  Santa  Ana  River  below  its  lower 
canyon  through  the  Santa  Ana  Mountains.  The  greater  part  of  the 
San  Joaquin  Hills  are  within  the  Santa  Ana  quadrangle,  and  the 
central  part  of  the  Puente  Hills  are  in  the  Anaheim  quadrangle. 
Between  these  groups  of  hills  lies  the  eastern  end  of  the  southern 
California  coastal  plain,  including  a  part  of  the  famous  peat  lands  of 
Orange  County,  and  the  perhaps  equally  well-known  agricultural 
lands  about  Santa  Ana,  Omnge,  and  Anaheim.  Under  these  lower, 
comparatively  level  lands  the  important  underground  waters  are 
found.  The  artesian  basin  of  the  coastal  plain,  the  largest  artesian 
basin  in  southern  California,  with  an  area  of  about  190  square  miles, 
occupies  the  northwestern  portion  of  the  Santa  Ana  quadrangle,  and 
extends  along  the  w(»stern  edge  of  the  soutliorn  half  of  the  Anaheim 
quadrangle.  A  broad  zone,  originally  artesian,  but  not  now  yielding 
flowing  water,  stretches  across  the  southwestern  corner  of  the  Ana- 
heim quadrangle.  Within  this  zone  water  lies  within  easy  pumping 
distance. 


a  A  quadrangle  is  the  unit  of  mirvey  adopted  by  the  Tnited  States  (iwloKieul  Survey  for  the  topo- 
Rraphic  and  geologic  atlas  of  the  United  States.  It  Ih  ti  rectangular  area  15  miiuites,  30  minutes,  or 
1  degri'e  in  extent  each  way,  bounded  by  parallels  and  meridians,  and  having  an  area  of  one- 
sixteenth,  one-quarter,  or  one  square  degree.  The  quadrangles  disreganl  iK)liti('Hl  boundaries,  such  as 
those  of  States,  counties,  and  townships.  To  each  is  given  the  name  of  some  well-known  place  or 
feature  within  Its  limits.    A  sheet  is  the  topographic  map  of  one  of  the  above  areas. 
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COASTAIi  PliAlN. 

The  coastal  plain,  of  which  the  lowlands  in  these  two  quadrangles 
form  a  part,  extends  from  the  Pacific  to  the  base  of  the  Puente  Hills 
um!  the  Santa  Ana  Mountains,  and  from  the  Santa  Monica  Mountains 
to  the  San  Joaquin  Hills.     It  is  about  50  miles  long  and  from  15  to  20 
mileB  wide,  and  has  an  area  of  approximately  775  square  miles.     It 
is  ^nerally  a  smooth  plain  with  an  elevation  along  its  inland  edge 
of  from  WO  to  300  feet,  from  which  it  slopes  gently  to  sea  level  at 
the  coast    San  Pedro  Hill  rises  well  a>K)ve  it,  and  its  general  regu- 
larity is  interrupted  by  a  long  low  ridge  which  extends  from  the 
vicinity  of  Palms  to  Huntington  Beac^h.     This  ridge  is  not  continuous, 
as  a  wide  valley  has  been  cut  through  it  by  each  of  the  larger  streams 
which  flow  across  the  coastal  plain  to  the  sea,  thus  ))reaking  it  into  a 
series  of  detached  but  aligned  hills  of  different  heights.     This  broken 
ridge  forms  the  seaward  boundary  of  the  coastal  plain  artesian  basin. 
Within  the  area  treated  in  this  paper  it  is  a  rather  inconspicuous 
physical  feature,  existing  as  the  low,  broad  mesa  about  Huntington 
Beach,  and  perhaps  as  the  similar  fcMiture  north  of  Newport  and 
enveloping  the  base  of  the  San  Joaquin  Hills. 

The  coastal  plain  is  underlain  by  a  succession  of  sand,  gravel,  and 
clay  beds  whose  constituent  materials  were  transported  to  their  pres- 
ent position  by  Santa  Ana,  San  Gabriel,  and  Los  Angeles  rivers, 
and  perhaps  in  small  part  by  the  waves  and  currents  of  the  Pacific. 
This  plain  represents  a  former  wide  bay  which  was  gradually  filled  by 
alluvial  debris  that  has  been  redistributed,  in  part  at  least,  by  oceanic 
waters  as  beach  sands  and  gnivel.  Convincing  evidence  of  this 
factor  in  distribution  is  furnished  by  the  recent  marine  shells  which 
are  so  often  found  in  deep  and  shallow  wells  and  on  the  present  sur- 
face some  miles  from  the  shore  line. 

CROPS. 

Within  the  area  under  consideration  crops  and  soils  are  varied,  as  is 
generally  true  throughout  the  coastal  plain,  and  irrigation  practice  is 
not  at  all  uniform.  In  the  Anaheim  quadrangle  about  Orange,  Ful- 
lerton,  and  Anaheim  are  many  citras  groves,  and  deciduous  fruits  and 
walnuts  are  extensively  cultivated.  Farther  south,  in  the  peat  lands, 
celery  is  becoming  a  more  and  more  important  crop,  and  sugar  beets, 
corn,  and  alfalfa  are  extensively  grown. 

The  citrus  groves  require  the  regular  application  of  water  through- 
out the  year,  irrigation  being  constant,  except  when  winter  rains  are 
sufficiently  heavy  to  serve  as  a  substitute.  Practice  is  not  uniform  in 
the  walnut  groves,  some  growers  maintaining  that  irrigation  is  not 
necessary.  This  may  be  true  in  moist  lands,  where  the  roots  can  reach 
the  ground  waters,  but  generally  ranchers  find  it  profitable  to  apply 
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water  during  the  summer  season.  Deciduous  orchards,  generally^  ^' 
the  lower  lands,  are  under  irrigation,  but  in  the  vicinity  of  La  Ha  t^^ 
are  a  number  of  flourishing  groves  which  receive  only  the  rainfall. 

in  preparing  the  peat  lands  for  celery  the  soil  is  thoroughly  flood  ^^ 
asd  soften  water  is  turned  on  again  once  or  twice  before  the  crop^^ 
laitore,  but  in  the  moister  lands  one  or  both  of  these  later  applicatic:^^ 
iMj^  he  omitted.     With  sugar  beets,  also,  practice  varies.     Water 
nlniignt  invariably  used  in  preparing  the  land,  and  is  often,  but  i^^^ 
always,  applied  during  the  growth  of  the  crop.     Corn,  alfalfa,  po^^' 
toes,  and  peanuts  are  usually  irrigated,  while  grapes  and  barley  a     ^ 
sometimes   watered   during  dry  years,   but  these,   with   beans,  b,^:^ 
regarded  as  the  principal  dry  crops. 

On   many  of  the  lands  which  lie  under  the  Santa  Ana  Valley  c^^ 
Anaheim  canal  systems,  as  well  as  on  those  watered  from  pumpin^^ 
plants,  a  certain  amount  of  rotation  is  practiced,  and  lands  which  ar^ 
irrigated  one  year  may  stand  dry  during  another  or  may  be  planted  tc^ 
a  crop  requiring  much  more  or  much  less  water  than  the  one  grown 
during  the  preceding  season.     This  is  possible  only  with  the  annuals, 
of  course.     Groves  or  other  crops  requiring  more  than  one  year  to 
mature  can  not  be  rotated  in  this  way.     These  variations  in  crops  and 
in  irrigation  practice  make  it  diflScult  to  estimate  the  duty  of  water  per 
acre  of  irrigated  land.     Citrus  lands  are  regarded  as  requiring  an 
equivalent  of  approximately  one  miner's  inch ^  continuous  flow  for  eacli 
5  acres.     Other  crops  require  less,  some  of  them  very  much  less. 

The  total  area  irrigated  during  the  season  of  1904  in  the  Anaheim 
quadrangle  Is  estimated  at  28,800  acres  and  in  the  Santa  Ana  quadrangle 
at  6,600  acres,  a  total  of  35,400  acres. 

In  this  estimate  of  the  total  acreage  irrigated,  and  on  the  maps 
showing  irrigated  lands  (Pis.  II  and  III),  those  areas  upon  which 
water  is  applied  in  the  manner  known  as '\subirrigation"  are  not 
included.  Subirrigation  consists  essentially  in  releasing  the  water  on 
the  surface  or  in  ditches  which  are  widely  separated,  whence  it  seeps 
laterally  for  long  distances  through  the  tine  sandy  subsoil  which  is 
under  much  of  the  peat  lands.  The  method  is  applicable  only  where 
the  water  table  lies  near  the  surface.  It  amounts  in  eti'ect  to  raising 
this  water  table  locally,  so  that  it  may  be  reached  by  tlic  roots  of 
grasses,  corn,  beets,  and  other  plants  with  short  root  systems.  It  is 
not  possible  to  map  the  areas  irrigated  in  this  way  or  to  estimate  their 
amount,  because  the  boundaries  are  wholly  indefinite  and  the  lands 
thus  watered  are  often  inseparable  from  those  which  are  naturally 
moist  enough  to  mature  crops.  This  method  is  applied  more  gener- 
all}'  to  pasture  lands  than  to  cultivated  areas. 

a  Wherever  the  term  "miner's  Inch"  is  used  in  this  report  the  old  Californiii  miner's  inch  is  niennt. 
This  unit  is  the  amount  of  water  that  flows  through  a  1-inch  orifice  under  4  inches  pressure.  It  is 
equal  to  9  gallons  a  minute,  one-flftieth  of  a  second-foot,  or  14.47H  acre-feet  a  year. 


iJ;.;. 
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IRRIGATION  SYSTEMS. 

Three  streams  supply  surface  irrigating  waters  for  the  Santa  Abk 
and  Anaheim  quadrangles.  These  are  San  (xahriel  River,  from  which 
water  is  brought  to  a  territory  east  of  Whittier,  in  the  La  Ilahra  «Kb- 
trict;  Santa  Ana  River,  in  which  the  important  Anaheim  Union  mni 
Santa  Ana  Valley  systems  originate;  and  Santiago  Creek,  which  sli|i^ 
plies  the  Serrano  and  Carpenter  ditches,  in  the  vicinity  of  Villa  Park 
umI  EI  Modena. 

SAN  GABRIEL  SYSTEM. 
LA   HABRA   AND   EAST   WHITTIER   WATER  COMPANV. 

TheLaHabra  and  East  Whittier  Water  (Company  procure^s  water 
from  the  San  Grabriel  Valley,  above  the  Paso  de  Bartolo,  by  means  of 
a  battery  of  wells  and  pumps.     The  water  is  discharged  into  an  old 


Pio.  1,— Cro«M  Hcctiou  of  P:a'^t  Whitlier  diU'h. 

ditch  which  has  been  covered  with  concrete  and  ho  converted  prac- 
tically into  a  pipe  line  (tig.  1).  This  line  extends  to  Pickering 
avenue,  Whittier.  From  Pickering  Jivenue  to  the  La  Ilabra  pumping 
station  the  water  flows  through  a  Hrj-iiuh  wooden  pipe  line.  From  the 
pumping  station  about  3,300  feet  of  2()-inch  steel  pipe  is  used  for  the 
lift  of  110  feet  to  the  reservoir  a})ovo.  A  120-horsepower  steam  ])ump 
has  })een  installed  for  this  lift. 

From  this  reservoir  about  0,000  feet  of  cement  pipe  extends  to 
an  arroyo  southeast  of  the  pumping  station,  and  a  24-inch  concrete 
pipe  runs  from  this  point  to  the  center  of  sec.  5,  T.  3  S.,  R.  10  W. 
A  22-inch  pipe  extends  thence  to  the  reservoir  and  pumping  sta- 
tion on  the  west  line  of  the  Rjincho  San  Juan  Cajon  de  Santa  Ana. 
From  this  station  a  lower  22-inch  gravity  line  extends  to  the  east  side 
of  Brea  Canyon,  and  a  line  about  2,000  feet  long,  with  a  lift  of  66 
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feet,  extends  to  a  distributing  box  above  the  pumping  station,  whence 
a  distributing  pipe,  in  part  steel,  extends  eastward  to  beyond  Brea 
Canyon. 

From  the  La  Habra  station  the  California  Domestic  Water  Com- 
pany has  a  gravity  line  running  southward  for  2  or  3  miles  toward 
Coyote  Creek  and  serving  the  adjacent  lands. 

SANTA  ANA  SYSTEMS. 

All  of  the  water  flowing  in  Santa  Ana  River  at  Bedrock  Canyon, 
4  miles  west  of  Rincon,  where  its  flow  is  supposed  to  be  at  a  maxi- 
mum, is  taken  from  the  river  bed  and  divided  equally  between  the 
Anaheim  Union  Water  Company,  which  supplies  the  lands  north  of 
the  river,  and  the  Santa  Ana  Valley  Irrigation  Company,  which 
serves  the  lands  south  of  the  river. 

A  division  box  of  wood,  supported  by  piling,  has  been  built  at  Bed- 
rock Canyon.  One-half  the  water  of  the  river  is  diverted  here  into 
the  Anaheim  Union  Water  Company's  canal;  the  other  half,  after 
the  division,  is  returned  to  the  river  bed,  and  is  taken  out  again  at  the 
headworks  of  the  Santa  Ana  Vallc}^  Irrigation  Company^s  canal  3 
miles  below. 

ANAHEIM   UNION   WATER  COMPANY. 

According  to  the  report  of  William  Ham.  Hall,  formerly  Stau^ 
engineer  of  California,  the  Anaheim  Union  Water  Company  is  the 
successor  to  the  earlier  rights  held  by  the  Anaheim  Water  Company, 
the  Kramer  ditch,  and  the  North  Anaheim  Canal  Company  and  its 
predecessors,  the  Cajon  Irrigation  Cbinpany  jind  the  Canon  de  Santa 
Ana  Water  Company. 

The  Kramer  ditch  was  the  oldest  of  the  water  rights  acquired.  It 
had  taken  water  from  the  river  several  years  b(»fore  the  founding  of 
Anaheim  in  1857,  and  had  used  those  waters  to  irrigate  the  Kramer 
tract.  For  its  rights,  the  Anaheim  Union  Water  Company  gave  20 
shares  of  nonassessable  stock. 

The  Los  Angeles  Vineyartl  Society,  organized  in  is;>r),  secured  U165 
acres  of  land  from  the  Kancho  San  Juan  Cajon  de  Sanbi  Ana  and  a 
water  right  based  on  the  riparian  rights  of  the  lancho.  It  built  a 
ditch  and  diverted  sufficient  water  to  irrigate^  nearly  2,000  acres.  In 
1860  all  the  water  rights,  ditches,  canals,  and  rights  of  way  Ijelonging 
to  the  society  were  conveyed  to  the  Anaheim  Water  Compan\'. 

The  Cajon  Canal  was  begun  in  1875,  under  the  authority  of  the  Bush 
act  of  1874,  which  provided  for  the  organization  of  irrigation  districts 
in  Los  Angeles  County,  under  the  supervision  of  a  county  su{)erin- 
tendent  of  irrigation. 

District  No.  1  was  organized  and  built  a  small  ditch,  about  3  feet 
wide  on  the  bottom,  to  the  mouth  of  the  canyon;  District  No.  2,  formed 
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A      AN  UNCEMENTED  PORTION  OF  THE  UPPER  ANAHEIM 
CANAL. 


B.     A  CEMENTED  PORTION  OF  THE  UPPER  ANAHEIM  CANAL. 
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later,  joined  the  first  district  and  the  canal  was  enlarged  to  its  present 
«ize.     After  an  expenditure  of  ^0,000  the  work  was  abandoned. 

In  1876  the  Stearns  Raneho  Syndicate  organized  the  Canon  de  Santa 
-Ana  Water  Company,  with  a  capital  stock  of  $200,000,  and  took  pos- 
session of  the  canal.  No  work,  however,  had  been  done  at  the  end  of 
"two  years. 

In  1877,  seven  landowners  organized  the  Cajon  Irrigation  Company 
vrith  a  capital  stock  of  $20,000.  They  filed  on  4,320  miner's  inches  of 
^ater  at  the  head  of  the  partly  completed  Cajon  canal,  took  possession 
Aversely  to  the  claim  of  the  Canon  de  Santa  Ana  Company,  and 
>>rought  suit  to  quiet  title.  The  suit  never  came  to  trial,  but  posses- 
sion on  the  part  of  the  new  compan\-  was  never  strongly  resisted  by 
the  older,  less  active  organization. 

The  stockholders  of  the  new  compan}^  although  not  wealthy  men 
and  having  a  hard  struggle  to  raise  the  necessary  means,  managed  to 
continue  construction  upon  their  canal.  At  the  time  when  they  were 
most  deeply  involved,  they  sold  one-half  interest  to  the  Anaheim 
Water  Company  for  $20, WO,  and  with  these  funds  continued  the  work. 
In  1882,  because  of  defects  in  their  original  organization,  they  reor- 
ganized, taking  the  name  of  the  North  Anaheim  Canal  Company, 
whose  rights  had  been  purchased  for  $500  in  1878.  This  last-named 
company  was  organized  in  1872  to  irrigate  land  northwest  of  Ana- 
heim. Its  ditch,  with  a  capacity  of  1,500  miner's  inches,  rarely 
received  water  ext^ept  in  winter. 

The  joint  ownership  of  the  Cajon  canal  by  the  Anaheim  Water 
Company  and  the  Cajon  Cyonipany  was  never  a  satisfactory  arrange- 
ment. Disagreements  alK)ut  the  division  of  water  led  to  lawsuits, 
and  in  1884  a  consolidation,  resulting  in  the  formation  of  the  present 
Anaheim  Union  Water  Company,  was  effected. 

Under  its  present  organization,  which  was  completed  in  January, 
1884,  the  $1,200,000  capital  stock  of  the  company  is  divided  into  12,000 
shares,  of  which  8,C)04  shares,  representing  8,004  acres  under  irriga- 
tion, have  been  sold,  the  balance  being  held  as  treasur}^  stock.  The 
par  value  of  the  stock  is  ^l(K)  a  share,  and  the  present  (1904)  market 
value  is  about  $65  a  share.  Stock  in  the  water  company  is  not  appurte- 
nant to  the  land,  but  may  be  bought  or  sold  indei)endently. 

The  main  canal,  of  cement  or  earth  construction,  has  a  capacity  of 
about  26  heads  of  100  miner's  inches  each.  The  minimum  supply  is 
given  as  about  800  minor  s  inches.  Hall  gives  the  length  of  the  main 
canals  and  branches  as  ovcm*  loO  miles,  and  the  officers  of  the  company 
state  that  about  85  miles  of  latomls  are  cemented.     (See  PI.  IV.) 

One  share  of  stoi^k  (Mititles  the  owner  to  one  head  of  100  miner's 
inches  for  one-half  hour  daring  each  run  throughout  the  summer  season 
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of  niiniimiin  supply.  When  wutiM*  is  abundant  there  is  no  time  limit, 
atiil  all  tlio  wat4»r  tliat  tho  irripitor  desires  to  purchase  may  betaken 
out.  Tho  wator  to  which  ownership  of  stock  entitles  the  holder  Ib  pud 
for  at  present  a<'e(»r(linjif  to  tlie  following;  schedule: 

i'hirtjej'or  iifittr  inuftT  nnitihof  Anahlfn  Vnlon  Water  ihmpan^  per  head pf  MSOwiKie^ii 

inrhes  /ter  hour. 

NovhuIht,  IV(tMnl)er,  January,  and  Fobniary .,  |O.S0 

Manh 40 

April  and  ()rt<»lH*r JiO 

May  anil  S4»|>ttMiil)er 60 

Jnn«,  July,  and  Au^mnt W 

In  addition  to  these,  payments  for  water,  ttssessmentH  are  made  each 
year  to  (Miy  interest  on  del)t  and  to  make  improvements.  Of  late 
years  these  assessments  have  avenifjed  alK)ut  ^.5t)  per  j^ear  per  share. 

SANTA    ANA    VALLEY    IKKKJATION    COMPANY.** 

The  water  ritrhts  of  the  Santa  Ana  Valley  Irri^tion  Company, 
which  serves  the  orreater  part  of  the  irritrahle  lands  south  of  Santa 
Ana  Kivei*  as  far  as  Santa  Ana  and  Tustin,  are  Imsed  on  the  riparian 
rights  of  the  Rancho  Santiago  de  Santa  Ana  to  one-half  of  the  water 
of  Santa  Ana  River. 

When  this  ninch  was  partitioned  amon^  its  owners  b}^  decree  of  the 
court  in  ls«rS,  each  owner  was  jrjvcn  the  rijrht  to  divert  from  the  river 
his  share  of  the  water  for  irriij^ation.  A  numl)er  of  ditches  were  con- 
stru<'ted  from  time  to  time  on  the  basis  of  this  right,  the  majority  of 
them  being  afterwards  abandoned.  The  rights  of  one  of  these  were 
secured  by  the  Chapman  ditch,  which  was  extended  as  far  as  Orange 
in  1871.  In  ls78  it  was  sold  to  the  Semi-Tro])ic  Land  and  Water  Com- 
pany and  extended  to  Santu  Ana  and  Tustin.  This  ditch  and  the  Wat- 
son ditch,  which  it  supplied,  diverted  one-half  the  waters  of  the  river: 
the  other  half,  which  belonged  to  the  irrigators  north  of  the  river, 
was  in  large  part  lost  in  the  sandy  bed  of  the  stream  before  reaching 
the  head  of  the  Anaheim  ditch.  The  n»sult  was  a  shortage  of  water  on 
the  lands  served  hy  the  Anaheim  ditch,  and  a  suit  was  begun  against 
the  Semi-Tropic  Water  Company  to  (Establish  the  right  of  the  Anaheim 
ilitch  to  water  amounting  to  its  full  capacity.  In  the  lower  court  the 
decision  w^as  against  the  Semi-Tropic  Company,  but  in  an  ap|)eal  this 
decision  w^as  reversed,  the  case  remanded  for  trial,  and  a  recommenda- 
tion made  by  the  court  that  the  litigjints  agree  upon  an  eipial  division 
of  the  water.  This  recommendation  was  accepted,  litigjition  ceased, 
and  the  south-side  irrigators  have  since  held  undisputed  possession  of 
one-half  the  flow^  of  the  river. 

iThc  sketch  of  the  earlier  history  of  thin  oncaniziition,  aH  of  the  Anaheim  Union  Company,  is  con- 
densed  from  "  Irrigation  In  California."  by  WillUm  Ham.  Hall. 
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J.     MAIN   SANTA  ANA  CANAL  ABOVE  BURRUEL  POINT. 


H,     CREST  OF  SUBMERGED   DAM   AT   POINT  OF   ROCKS.  SANTIAGO  CANYON. 
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In  1877  the  Santa  Ana  Valley  Irngation  Company  was  incorporated 
with  a  capital  stock  of  $100,000,  divided  into  20,000  shares.  Its  object 
waH  to  extend  the  benefits  of  irrigation  to  the  20,000  acres  of  the  origi- 
nal rancho  entitled  to  water.  Improvement  of  the  original  system 
was  immediately  begun  and  has  be«n  gradually  extended  until  now 
the  greater  part  of  the  main  canal  and  laterals  are  cemented,  and  excel- 
lent service  is  rendered. 

Of  the  20,000  shares,  16,055  are  sold,  the  balance  remaining  in  the 
treasury.  The  par  value  is  $5  per  share;  but  as  all  assessments  are 
added  to  the  cost  of  shares,  and  as  the  value  of  the  property  has 
increased,  these  now  (1904)  have  a  market  value  of  about  $60. 

The  stock  is  appurtenant  to  the  land,  and  may  not  be  sold  inde- 
pendently of  it.  £ach  share  entitles  the  holder  to  1  head  of  100  miner's 
inches  of  water  for  a  half  hour  each  run  during  periods  of  scarcity 
and  for  an  hour  during  ordinary  periods.  When  water  is  abundant 
the  irrigator  may  use  all  the  water  he  wishes  by  paying  the  current 
rates.  These  rates  are,  during  the  day,  20  cents  per  100  miner's  inches 
per  hour;  during  the  night,  10  cents  per  100  miner's  inches  per  hour. 

The  company  is  well  managed,  has  a  small  debt,  and  its  system  is  in 
splendid  condition.  Service  is  rendered  at  a  very  low  rate.  The  main 
canal  (PI.  V,  A)  extends  from  the  intake  in  the  lower  canyon  of  the 
Santa  Ana  to  Burruel  Point,  a  distance  of  about  9  miles.  More  than 
half  of  this  canal  is  cement  lined,  with  an  average  width  at  bottom  of 
12  feet,  a  depth  of  5  feet,  and  a  width  at  top  of  22  feet.  Its  capacity 
is  about  7,000  miner's  inches.  Below  Burruel  Point  the  main  canal  is 
divided  into  an  upper  and  lower  canal,  from  which  a  complete  system 
of  laterals  forms  a  network  through  the  country  served.  The  princi- 
pal laterals,  as  well  as  the  main  lines  of  the  system,  are  shown  on 
P1.U. 

SANTIAGO  CANYON  SYSTEMS. 

Two  small  but  efficient  and  interesting  irrigation  systems  are  served 
by  the  waters  of  Santiago  Canyon. 

At  a  narrow  point  in  the  canyon,  known  as  the  Point  of  Rocks,  al)out 
2i  miles  above  Villa  Park,  a  very  successful  submerged  dam  (PI.  V,  /{) 
has  \)een  built  across  the  channel  of  the  stream.  It  extends  from  rim 
rock  to  rim  rock,  a  distiince  of  110  feet,  and  has  a  maximum  height, 
where  the  channel  is  deepest,  of  19  feet.  At  this  point  its  width  on 
the  bottom  is  12  feet.  It  has  a  uniform  width  at  the  top  of  3i  feet 
along  its  entire  length.  An  earlier  clay  dam  had  been  built  at  the 
same  point,  but  after  its  partial  destruction  by  floods  the  present  rock 
and  concrete  structure  was  built  in  1892  by  the  Serrano  and  Carpen- 
ter associations,  jointly,  at  a  cost  of  $3,700.  All  of  the  underflow  of 
Santiago  Creek  at  this  point  is  forced  to  the  surface,  and  as  a  result  a 
continuous  flow  of  40  or  50  miner's  inches  is  maintained  throughout 
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the  dry  season.  Some  distance  above  the  dam,  in  the  valley  of  San- 
tiago Creek,  a  reservoir  of  earth  and  sand  is  tilled  by  the  winter  floods 
and  is  allowed  to  drain  slowly  away  by  seepage  into  the  gravels  of  the 
creek  bottom  during  the  succeeding  dry  months.  This  helps  to  main- 
tain the  summer  flow  over  the  surface  of  the  submerged  dam.  With- 
out these  inexpensive  but  most  successful  works  all  of  the  summer 
flow  of  Santiago  Creek,  during  dry  seasons  at  least,  would  escape  by 
subsurface  percolation. 

From  the  submerged  dam  (PI.  V,  B)  the  water  is  conducted  along 
the  south  bank  of  Santiago  Creek  for  750  feet  in  a  28-inch  cement 
pipe  to  a  division  gate,  where  it  is  divided  equally  between  the  Ser- 
rano and  Carpenter  companies,  operating  on  the  north  and  south  banks 
of  Santiago  Creek,  respectively. 

SERRANO   WATER  COMPANY. 

The  Serrano  Water  Company's  right  dates  back  to  an  appro- 
priation of  one-half  the  waters  of  Santiago  Creek  by  Bush  and 
Watson  in  1872.  This  right  was  later  transferred  to  others,  and  in 
1876  the  Serrano  Water  Company  was  organized  by  J.  O.  and  R.  F. 
Lotspeich  and  five  others,  who  held  the  right  at  that  time. 

Previous  to  1879  the  water  was  diverted  by  primitive  dams  into 
earthen  ditches,  hut  during  that  year  a  submerged  dam  of  clay  was 
constructed  to  bed  rock  and  a  cement  distributing  pipe  laid  from  the 
dam  to  the  lands  served.  In  1892,  the  older  dam  having  been  partly 
destroyed  by  flood,  it  was  replaced  by  one  of  rock  and  cement,  which 
is  still  in  use.  From  the  division  gate  below  this  dam  the  Serrano 
Company  has  3,200  feet  of  20-inch  cement  pipe  to  a  division  gate 
between  the  two  tracts  known  as  the  Lotspeich  and  Grey  tracts,  served 
by  this  association.  On  the  Lotspeich  tract  are  about  3  miles  of 
cement  pipe  from  10  to  16  inches  in  diameter,  and  on  the  Grey  tmct 
are  about  1^  miles  of  similar  pipe.  In  addition,  the  final  distribution 
on  a  portion  of  each  tract  is  made  by  open  ditches.  The  association 
has  70  members  and  serves  1,303  acres.  The  water  is  apportioned  to 
each  member  in  proportion  to  his  acreajife,  and  runs  through  in  18i^ 
days. 

CARrENTER  WATKK  ( OMPANY. 

October  1,  1872,  John  F.  and  Alexander  Carpenter  entered  upon  and 
appropriated  one  half  the  water  of  Santiago  Creek,  the  other  half  hav- 
ing been  appropriated  by  Bush  and'  Watson  at  an  earlier  date.  J.  F. 
Carpenter  built  the  first  ditch  soon  after  his  purchase,  and  conveyed 
his  land  and  water  rights  to  Oge  and  Bond  in  1874.  About  1881  the 
first  pipe  line  of  10  and  12  inch  cement  pipe  was  constructed.  It  was 
extended  in  1883  to  the  Santiago  Land  and  Water  Company's  reservoir 
north  of  El  Modena. 
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This  ori^nal  pipe  line  gave  unsatisfactory  service  because  of  its 
small  capacity,  and  in  1902  a  new  line  was  laid  at  a  cost  of  $8,000.  It 
consists  of  2,400  feet  of  20-inch  cement  pipe,  3,600  feet  of  18-inch 
cement  pipe,  and  about  9,000  feet  of  16-inch  pipe. 

This  company,  unlike  the  Serrano  Association,  was  incorporated  in 
1901,  the  stock  being  divided  into  1,600  shares,  at  a  par  value  of  $10 
per  share.  One  thousand  shares  are  distributed,  and  the  remainder  is 
held  as  treasury  stock.  The  shares,  may  not  be  sold  except  with  the 
land. 

When  the  water  is  low  each  irrigator  uses  the  entire  supply  for  16i 
minutes  for  each  acre  irrigated.  At  this  rate  it  takes  184  days  to 
make  a  *'run;"  that  is,  to  water  once  all  of  the  lands  under  the  pipe 
lines.  When  water  is  more  abundant  the  lands  served  are  divided 
into  two  or  three  sections,  which  are  served  simultaneously,  and  use 
the  water  for  33  or  49^  minutes  per  acre  each,  so  that  a  run  as  before 
requires  18i  days,  but  eacli  irrigator  gets  two  or  three  times  the 
mmount  of  water  that  is  served  him  when  the  supply  is  low.  The  light 
Tunning  expenses  are  provided  for  by  annual  assessments  on  the  stock. 

The  title  to  the  waters  of  Santiago  Creek  for  irrigation  purposes, 
^  vested  in  the  Carpenter  and  Serrano  companies,  was  fully  confirmed 
in  a  decision  rendered  June  1,  1896,  in  the  superior  court  of  Orange 
<Jounty,  in  which  the  owners  of  Rancho  Ijomas  de  Santiago  were  per- 
I)etually  enjoined  from  using  the  waters,  except  for  domestic  purposes 
^r  for  stock. 

Both  the  Serrano  and  Carpenter  companies  are  models  of  efficient 
^nd  economical  construction  and  management. 

DRAINAGE  DISTRICTS. 

The  reclamation  of  the  peat  lands  in  the  western  part  of  the  Santa 
Ana  quadmngle  and  in  adjacent  quadrangles  to  the  west  has  been  a 
problem  of  drainage  rather  than  of  irrigation.  As  these  lands  are 
gfenerally  nearly  flat  for  long  distances,  or  at  best  have  a  very  gentle 
if  uniform  slope  toward  th(».  coast,  it  has  not  been  practicable  for  an 
individual  farmer  or  ninch  owner  alone  to  undertake  drainage.  Suc- 
cessful ditches  nuist  be  extended  to  the  tidal  sloughs  to  secure  an 
outlet.  This  has  often  meant  some  miles  of  construction,  and  has 
necessitated  cooperation  on  the  part  of  the  benefited  landowners. 
The  lands  of  the  district  are  dark,  especially  fertile  soils,  enriched  by 
vegetable  mold.  Without  artificial  drainage  they  are  generally  too 
damp  for  cultivation,  since  they  include  the  lowlands  along  the  lower 
course  of  Santa  Ana  River  and  overlying  the  lower  edge  and  most 
effective  portion  of  the  artesian  basin.  Strong  springs,  representing 
leakages  from  the  art(?sian  waters  below,  are  found  at  a  number  of 
points.     The  flow  from  these  has  kept  the  lands  about  them  saturated 
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oven  during  the  dry  Heason,  and  the  first  and  most  important  problem 
has  l)cen  to  provide  for  the  free  escape  of  these  spring  waters.    . 

Tnder  a  State  law,  passed  in  1897,  two  drainage  districts  have  been 
organized,  each  with  its  governing  board  of  three  directors,  who 
properly  apportion  the  expenses  among  the  landowners  benefited. 
The  assessments  for  the  maintenance  of  the  systems  are  determined 
by  these  directors,  the  county  collects  them  with  the  other  taxes,  and 
warrants  are  then  drawn  upon  the  county  treasurer  for  expenses* 
incurred  in  construction  and  maintenance. 

BOLSA    DRAIN AOE   DISTRICT. 

Only  a  part  of  the  I^lsa  drainage  district,  the  older  of  the  two 
organizations,  is  in  the  Santa  Ana  (luadrangle.  It  includes  the  region 
about  Smeltzer  and  Celery  and  an  area  to  the  west  in  the  Los  Bolsas 
quadrangle. 

The  earlieM  ditch  in  this  district  is  said  to  have  been  begun  by  the 
Stearns  Rancho  Company  many  years  ago.  Later  .the  county  ex- 
tended the  original  Bolsa  ditch,  and  finally,  in  1899,  the  Bolsa  drainage 
district  in  its  present  form  was  organized.  It  includes  about  2,400 
acres,  and  perhaps  15  miles  of  ditch  have  been  dug.  The  network  of 
ditches  is  being  slowly  extended,  and  much  tile  underdrain  with  out- 
lets in  the  main  ditches  is  being  put  in  by  ranchers.  Maintenance  is 
said  to  cost  al)out  $1,000  per  year,  and  an  additional  sum  is  spent  each 
seiison  for  new  construction. 

WILLOWS  DRAINAGE    DISTRICT. 

The  Willows  drainage  district  was  finally  organized,  after  several 
unsuccessful  attempts,  during  the  spring  of  liM)4.  It  includes  an  area 
of  about  9,000  acres,  centering  about  the  village  of  Talbert.  A  num- 
ber of  old  ditches,  built  by  individual  or  conmuinity  effort  and  varying 
in  length  and  character  of  construction,  am  included  in  the  district  as 
now  organized.  One  of  the  most  important  of  these  is  the  Willows 
ditch,  dug  in  1899  by  Messrs.  Lamb,  King,  Nevvland,  and  Bourchard. 
It  is  about  6  miles  long,  0  or  7  feet  wide,  and  3  or  4  feet  deep.  It 
cost  about  ^1,800. 

The  Lamb  and  ik)urchard  ditch  was  begun  as  a  small  ditch  in  1875. 
In  1898  it  was  enlarged  and  extended,  and  is  now  about  JH  mile^  long, 
but  of  varying  width  and  depth.  The  Newlands  ditch  is  about  S^ 
miles  long,  6  feet  wide,  and  3  feet  deep. 

The  district  at  present  includes  about  20  miles  of  canals,  but  has 
been  bonded  for  $20,000;  $10,000  of  the  bonds  are  being  sold  and  with 
the  proceeds  it  is  planned  to  perfect  and  extend  the  present  system 
until  about  28  miles  of  main  canals  are  constructed. 

The  lands  reclaimed  by  these  systems  are  proving  to  be  among  the 
richest  and  most  valuable  in  this  part  of  the  State. 
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SOURCE. 

The  sands  and  gravels  that  underlie  the  coastal  plain  are  saturated, 
from  a  point  whose  distance  below  the  surface  varies  with  locality,  to 
bed  rock,  which  lies  at  an  unknown  depth.  The  water  has  been  sup- 
plied chiefly  by  the  large  streams  that  flow  across  the  coastal  plain 
and  derive  their  supply  from  the  higher  mountains,  where  precipita- 
tion in  greater  and  direct  evaporation  less  than  in  the  lowlands. 

The  amount  at  present  stored   in   these  gravels  represents  slow 
accumulation  through  long  periods.     Even  through  the  summer  it 
without  doubt  receives  accessions  from  thi»  underground  flow  of  the 
larger  rivers,  from  slow  drainage  of  the  slopes  of  neighlwring  hills, 
and  from  return  waters  from  irrigation;  ])ut  these  contributions  must 
be  very  small  as  compared  with  those  received  through  the  absorption 
of  flood  waters  and  direct  rainfall  during  the  winter.     The  winter 
accessions  are  received  mainly  along  the  inner  edge  of  the  coastal  plain, 
where  the  rivers  first  discharge  upon  it,  and  where  its  sands  and 
gi'avels  are  coarser;  hence  the  saturating  water  must  move  slowly  sea- 
ward at  varying  rates,  which  depend  uix>n  the  coarseness  of  the  medium 
through  which  it  is  percolating.     Some  of  it  passers  beneath  the  clay 
beds  which  alternate  with  the  sand  and  gravel  in  the  flatter  lower  por- 
tions of  the  coastal  plain  and  dip  with  the  general  surface  toward  the 
«>^.    The  water  l)eneath  such  a  slo[)ing,  impervious  clay  bed  finds  its 
exit  along  the  lower  edge  of  the  bed,  but,  checked  by  the  increasing 
iinperviousneas  of  the  stratum  through  which  it  is  passing,  or  by  a 
fold  in  the  beds,  or  by  an  earlier  ridge  against  which  they  abut,  accu- 
niulates  head  and  flows  at  the  surface  of  the  ground  when  the  overly- 
ing confining  mass  is  pierced  by  a  drill.     This  is  the  geneml  explanation 
of  the  artesian  conditions  which  prevail  here.     North  of  the  artesian 
belt  the  ground  water  is  found  at  a  depth  which  usually  increases 
inland  from  the  artesian  area  toward  the  hills.     Near  the  hills  it  may 
lie  at  depths  which  preclude  pumping  at  ii  profit  for  ordinary  crops. 
South  of  the  artesian  urea  the  depth  of  the  ground-water  level  varies 
with  the  topography,  being  least  in  the  low(»st  lands  and  greater  in 
those  which  are  higher. 

The  ground  waters  which  are  not  artesian  have  precisely  the  same 
origin  as  those  which  exist  under  pressure.  Indeed,  they  are  part  of 
the  same  subterranean  water  body,  due  to  minfall,  in  part  local,  in 
greater  part  run-ott'  from  the  higher  mountain  areas  which  surround 
the  valleys,  whence  they  flow  to  the  lowlands  as  winter  flood  waters. 

PERMANENCE  OF  THE  UNDERGROUND  WATER  SUPPLY. 

The  decade  of  dry  years  through  which  southern  California  has 
passed  seems  likely  to  have  brought  the  flow  of  surface  streams  down 
to  a  minimum,  so  that  those  irrigators  who  depend  on  the  surface 
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flowH  and  have  adjusted  themselves  thoroughly  to  this  determined 
niiniiiium  have  no  ground  for  fuither  eoncH.'rn  as  to  their  supply, 
provided  their  rijjhts  are  so  thoroughly  adjusted  l^^lly  that  rivals 
cjin  not  enter  the  field  and,  either  by  surfac^e  diversions  or  by  the 
installation  of  wells  and  pumps,  either  above  or  below  them,  divert 
their  waters. 

The  supply  derived  from  underground  sources  is  in  a  less  stable  and 
well-adjusted  condition.     The  underground  I'eservoir,  which  lies  alon^ 
the  coastal  plain  and  furnishes  the  subterranean  waters  used  in  the 
Anaheim  and  Santa  Ana  (juadningles  (see  Pis.  VI  and  VII),  is  by  fa^ 
the  largest  and  has  much  the  greatest  c*apai»ity  of  anj'in  southern  Cali-^^ 
fornia  (see  IM.  I).     It  is  fed  by  the  flood  waters  and,  to  a  much  smaller*^ 
degree,  b}'  the   underground  seepage  of  the  three  most  important-^ 
streams  in  this  jmrt  of   the  State — I^os  Angeles,  San  Gabriel,  and 
Santa  Ana  rivers.     Other  less  important  accessions  to  its  supply  are 
local  rainfall,  minor  drainage  from  adjacent  hills,  and  return  waters 
from  irrigatiim. 

The  three  largest  streams  named  above,  which  form  the  main  soun*e 
of  till*  underground  wat(»rs,  are  somewhat  less  efficient  now  as  agents 
for  the  repU^nishuK^nt  of  the  underground  supply  than  before  the  settle- 
ment of  the  country.  All  of  their  normiil  flow,  for  some  years,  has  been 
diverted  before  it  reaches  the  coiistiil  plain,  and  an  important  percent- 
age of  th(».  minor  floods  is  used  by  irrigators  along  the  upper  parts  of 
the  streams.  Only  the  greater  floods  reach  the  lower  stretches,  and 
of  them  a  somewhat  smaller  percentage  than  formerly  escapes  absorp- 
tion by  the  alluvial  fans  just  Ik^Iow  the  canyon  mouths,  because  the 
absorptive  capacity  of  the  fans  hiis  been  increased  by  their  drainage 
in  the  search  for  water  for  irrigation.  The  accretions  from  local  rain- 
fall and  minor  undiverted  drainage  from  near-by  hills  have  not  been 
affected  b}-  settlement.  They  depend  upon  annual  precipitation  and 
vary  with  it.  The  accretions  from  return  irrigation  waters  furnish  a 
source  which  did  not  exist  before  the  colonization  of  the  region,  but  as 
these  are  a  variable  and  probably  generally  a  small  portion  of  the  extra 
drafts  which  man  has  made  upon  the  miderground  supply,  either  by 
drawing  directly  from  it  or  by  diverting  stream  waters  which  would 
otherwise  be  added  to  it,  they  serve  only  to  reduce  slightly  the  effect 
of  these  drafts. 

The  sum  of  all  the«e  effects  must  be  a  notable  decrease  in  the  amount 
of  water  annually  added  to  the  underground  reservoirs.  Meanwhile 
there  have  been  extensive  drafts  made  uix)n  them,  and  these  drafts  are 
constantly  increasing.  There  are  nearly  3,(K)0  wells  in  the  area  under 
discussion  and  over  8,000  in  the  entire  coastal  plain  belt.  Of  the  for- 
mer, 8(K)  were  flowing  wells  in  the  spring  of  1904,  400  were  ecjuipped 
with  power  pumping  plants,  and  nearly  900  had  windmills  over  them. 
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The  remainder  were  domestic  wells,  whose  drafts  upon  the  under- 
ground supply  are  inconsiderable.  In  the  two  quadrangles  under 
discussion  the  total  output  from  the  wells  that  could  be  measured, 
or  whose  owners  could  furnish  definite  data  as  to  the  yield,  amounts 
to  240  second-feet  during  the  pumping  and  irrigating  season.  These 
figures  include  the  yield  both  of  artesian  wells  and  pumping  plants. 
The  pumping  season  varies  with  the  crop  and  the  minfall,  but  usually 
last«  from  fifty  to  one  hundred  days.  Many  of  the  artesian  wells  are 
open  the  year  round,  others  are  capped  when  not  in  use,  and  since  in 
the  above  computation  there  were  omitted  all  wells  which  yield  less 
than  1  miner's  inch,  all  natural  springs,  of  which  there  are  several 
with  a  large  yield,  and  a  great  number  of  artesian  wells  which  for  one 
or  another  reason  were  not  ac»cossible  for  measurement,  it  is  considered 
well  within  the  truth  to  estimate  the  draft  of  240  second-feet  as  con- 
tinuous for  two  to  three  months  in  the  year,  equivalent  to  an  annual 
draft  of  40  to  60  second-feet,  upon  the  underground  supplies. 

The  amount  of  annual  withdrawals  from  underground  sources  may 
be  estimated  in  another  way.  The  total  area  under  irrigation  on  the 
two  quadrangles  is  about  35,000  acres.  On  the  basis  of  a  duty  of  1 
miner's  inch  to  from  7  to  10  acres,  continuous  service,  from  70  to  100 
second-feet  of  water  would  be  required  for  this  acreage.  As  the 
minimum  supply  received  in  this  area  from  the  Santa  Ana,  the  San 
Gabriel,  and  Santiago  Creek  is  from  30  to  40  second-feet,  this  estimate 
leaves  40  to  60  second-feet  to  be  supplied  by  the  underground  sources. 
Neither  estimate  is  very  accurate,  but  as  the  two  are  in  accord  the 
result  may  be  accepted  as  being  approximately  correct. 

This  means  that  the  water  which  is  being  dniwn  from  the  under- 
ground reservoir  in  the  Santa  Ana  and  Anaheim  quadrangles  is  equal 
to  from  one  to  one  and  one-half  times  the  minimum  flow  of  Los 
Angeles  River  at  the  head  works  of  the  city  canal,  or  of  Santa  Ana 
River  at  Bedrock  Canyon,  where  the  diversion  works  of  the  Anaheim 
and  Orange  S3^stems  are  located. 

It  is  estimated  that  $250,000  is  already  invested  in  pumping  plants, 
and  the  number  of  these  is  increasing  as  rapidly  as  the  machinery  can 
be  secured.  Many  owners  of  stock  in  the  Anaheim  Union  Water 
Company  have  disposed  of  their  stock  and  depend  upon  the  under- 
ground supply  entin^ly. 

The  number  of  wells  within  the  present  artesian  belt  (see  Pis.  VI 
and  VII)  is  being  rapidly  increased  also,  and  with  the  decrease  in 
pressure  and  the  falling  water  plane  some  lands  nmst  be  irrigated 
which  formerly  were  sufficiently  moist  to  mature  crops  without 
irrigation. 
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Her<\  Hs  in  other  {mrts  of  southern  California,  the  effect  of  the  low 
niinfall  of  the  last  deeade  and  the  constantly  increasing  drafts  upon 
the  stored  ^vatern^  is  shown  in  a  decreased  flow  in  the  artesian  wells. a 
shrinkage  of  the  artesian  ai*ea,  and  a  lowering  of  the  water  table  oat- 
side  of  it .  The  original  area  of  the  coastal  plain  artesian  belt  was  nearly 
;tiH)  .Mqimn'  miles;  the  pn^sent  area  is  less  than  200  square  miles  (Pl.I)* 
Originally,  there  were  alM)ut  3G  8(]uare  miles  of  artesian  water-bearing 
lands  in  the  Anaheim  quudnm^le;  now  there  are  only  about  4  square 
miles  in  whieh  the  wat^^r  flows  (PI.  VI).  In  the  Santa  Ana  quadrangle 
the  loss  has  Ihhmi  less  he(*ause  this  (|uadrangle  includes  the  lower  an^^ 
more  favonihly  situated  iK>rtion  of  the  artesian  belt.     The  origin^^ 
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Vm.  2.— Dittffnini  hIiowIiir  variation  in  wuUt  level  ncnr  Anaheim. 


area  here  was  about  70  square  mil(»s,  and  the  present  urea  is  nearly 
57  square  miles  (PI.  VII). 

The  effect  on  the  water  plane  outside  of  the  artesian  area  is  graph- 
ically shown  in  the  accompanying  profile  (li^.  2)  which  hjis  been  pre- 
pared from  a  systematic  series  of  measurements  made  by  Mr.  J.  H. 
Neff,  on  the  water  level  in  the  wells  near  Anaheim  from  whicii  he 
draws  his  irrigation  water.  March  1,  1898,  the  surface  of  the  zone  of 
saturation  in  these  wells  stood  28  feet  l>elow  the  land  surface.  From 
this  time  through  the  remainder  of  the  dry  period,  lasting  until  the 
fall  of  1900,  the  decline  was  continuous  and  very  regular,  averaging 
l>etween  6  and  7  inches  per  month     The  moderately  heavy  rainfall  of 
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acceding  winter  (19(X)-1901)  raised  the  level  2  feet,  but  the  fjain 
st  by  the  middle  of  the  following  summer,  and  the  decline  con- 

at  varying  rates  until  April  1,  190»S.  During  April  and  May 
iter  level  rose  1^  feet,  but  quickly  fell  about  to  the  point  at 

it  stood  liefore  the  spring  rains.  This  level  was  maintained 
Tanuary  1,  1904.  Since  then  the  water  has  gone  down  rapidly 
;e  of  the  dry  winter  of  llK)8-4,  and  the  rapid  increase  in  the  num- 

pumping  plants,  until,  on  August  1,  1904,  it  was  more  than  50 
'low  the  surfac^e,  an  average  decline  of  over  4  feet  per  year  since 
ations  began. 

Rainfall,  in  Inches,  at  Anaheim ,  Cal. 


I         >  '  '  I  I  I  I  I         I  I 

July.  Auk.  Sept.    Oct.    Nov. '  Dec.    Jan. '  Feb.    Mar.    Apr. '  May.  IJnne. 


I 


I 
0.00     0.00  ■  0.00 

oo     .no     .00 

.00 

.00 

.00 

T. 

.00 

.00 

T. 

.00 

.00 

T. 

.00 

.00 

.00 

.00 

T. 

.00 

.(K) 

.00 

.00 

.no 

.<K) 

.w 

.00 
.00 


I 


.00 

.00 

.00 

.00 

I 
.00 

.00  . 

.00 

.00 

T.    1 

.00 

.00 

.00 

.00 

.00 

T.    ' 

.00 

.00  ' 

.00 

.00  ' 

00 

00 
.00 
T. 
.00 


J   iool 


.00 
.00  ' 
.00 
.00  I 

.go; 

.00  ; 

.00  '> 

T. 

.00 

.70 

.29  I 

.00 

.00 

.00 

.10  i 

.00 

.00 

.10 

T. 

.07 

.IK) 

.(K) 

.110 


0.15 

.11 

.28 
.SI 

.  "Jti 

1.12 

.1ft 

T. 

.00 
.7n 
T. 
2.31 
.00 
.00 
.VJ 
.00 
.00 
.00 

i.ys 

l.(»0 
.(H) 

1.32 
.31 

i.:y 

.40 


I 


T. 

1.72 

.44 

.34 

.78 
.00 
.M 

2.93 
.33 
.92 

3.7ft 
.30 
.19 
.00 
.IM 
.30 
.00 
.97 

1.40 
.00 
.00 
.84 

4.S1 
.iA) 

l.-M\ 


I 


I 


0.95 

3.10 

4.92 

.37 

.00 

1.40 

3.72 

l.Ki 

T. 

2.16 

4.19 

10.95 

3.3o 

1.44 

1.48 

2.38 

ft.  r.9 

.48 

1.59 

.00 

.20 

1.45 

.00 

.00 

3.8;^ 

(K) 


I 


1.96 
1.-29 

.25 

.40 
1.48 
2.80 

.61 
1.63 

.43 
6.29 

.14 
3.36 

.24 

.77 
2.98 

.68 
«;.  92 
3.25 
3.00 
1.  «•»."> 
2.78 
1.2<> 
3.  .V) 
1.70 
1.22 

.19 


0.57 

I  1.32 

.28 

'  1.90 

I  1.98 

'l0.58 

I     .00 

.82 

'5.71 

I     .9-2 

1.28 

I  l.M 

,  9.05 

!  2.35 

2.06 

'     .35 

I     .68 

'     .00 

!  4.35 

.10 

'    .15 

.00 

3.11 

3. 16 

2.»»1 

;  i.:» 


_l_ 


Total. 


0.35 

0.87 

1.57 

2.20 

.85 

.06 

2.42 

.48 

1.22 

(1.10 

6.70 

1.75 

.00 

.54 

2.70 

2.M 

.00 

'2.n 

5.90 

t 

7.97 

2J 

.78 

00 

.59 

l.«l 

1.-28 

16 

6.07 

IS 

.48 

13 

2.  (a 

05 

3.0:) 

T 

2.20 

OtJ 

1.00 

20 

1.61 

20 

.73 

1.09 

.59 

T. 

3.20 

.11 

5.58 

t.47 

3.61 

.82 

T. 
'  0.00 

I  •" 

'  .40 
I  2.78 
.54 
I  .00 
00 
T 
00 

T 
40 
l« 
DO 
iO 
ID 
00 

.00 
I,0O 

tn 

1.49 
2.30 

I    •^'' 
.00 

(?) 


I 


o.cw 

.00 
.en) 
,iw 

,00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
,00 
.00 
.00 
.00 
.00 
.00 
.00 
.51 
.09 

.till 

T 


4.86 
11.81 

7.08 

7.12 

8.60 
26.17 

5.76 
14.76 

8.68 
16.94 
18.14 
20.00 
16.98 

7.42 
13.95 

4.42 
16.07 

7.73 
14.62 

5.65 

5.26 

8.37 
14.65 
10.08 
19.47 

6.46 


ige,  26  yearn,  11.45. 
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Rainfailf  in  incliest  cU  San  BemardinOy  Val. 


Year. 


1870-71 

1871-72 

1872-73 1 

1873-74 1 

1874-75 ] 

1875-76 

1876-77 ' 

1877-78 1 

1878-79 1 

1879-80 

1880-81 ] 

1881-82 ' 

1882-88 

1883-H4 

1884-85 

1885-86 

1886-87 

1887-88 

1888-89 

188^90 

1890-91 

1891-92 

1892-93 

1893-94 

1894-95 

1895-96 

1896-97 

1897-98 

1898-99 

1899-1900 

1900-1901 

1901-2 

1902-3 

1903-4 


July. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.07 
.11 
.00 
.00 
.00 
.19 
.00 
.00 
.00 
.11 
.00 
.17 


.00 
.00 
.20  I 
.00, 

.00  I 
T. 

T.  ' 
.00, 
.00  i 
.34  I 
.00 
.01 
.00  I 


0.00 
.04 
.18 

1.06 
.00 
.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.04 
.00 
.6.3 

2.16 
.91 
.00 
.00 
.16 
.00 
.17 
.00 
.00 
T. 
.00 
.27 
.00 
.15 


Sept. 

Oct. 

Nov. 

0.02 

O09 

3.11 

.13 

.60 

.88 

.04 

.00 

1.17 

.02 

.01 

.74 

.06 

1.82 

1.88 

.00 

.00 

7.50 

.00 

.20 

.40 

.00 

.H6 

.50 

.02 

.14 

.05 

.01 

.94 

3.40 

.00 

.14 

.67 

.00 

.80 

.27 

.00 

.10 

.15 

.53 

.85 

.09 

.00 

.00 

.11 

.00 

.39 

4.36 

.00 

.00 

.11 

.09 

1.17 

2.29 

.00 

.05 

4.12 

.11 

2.30 

2.23 

.»8 

.58 

1.27 

.93 

T. 

T. 

.00 

.16 

1.02 

.05 

1.05 

.30 

.37 

.15 

.00 

.00 

.00 

1.14 

.00 

2.10 

.98 

.13 

2.10 

.21 

.00 

.03 

.06 

.01 

.81 

1.47 

.23 

.36 

6.10 

Dec.  I  Jan. 


I  6.91 
91  I  .00 
40  i  6.50 
73  1  5.51 


20  7.20 
02  !  6.55 
00  !  3.50 
95  I  3.33 
70  I  3.59 
50  i  1.56 
80  I  1.40 
50  I  1.11 
45  '  1.60 
63  I  1.63 
75  i  2.79 


.07 
.00 
.46 


.09 
.07  I 


.28  1 
1.94  I 
.00  ' 


i 


6.34 

.39 
4.01 

.93 
5.44 

.00 
3.24 
4.53 
1.26 
7.39 
2.02 
3.40 
2.10 
2.03 

.92 
3.48 
1.65 
1.96 

.18 


Feb. 

2.21 
2.20 
1.25 
8.76 

.15 
1.92 
4.03 
6.68 
1.00 
1.33 

.36 
2.65 
1.10 
12.20 

.11 
2.52 
6.44 
3.60 
1.50 
2. 52 
7.78 
3.30 
3.37 

.88 
1.14 

.00 
5.40 

.60 

.51 

.00 
4.58 
3.02 
1.67 
2. 21 


Mar. 

0.19 

.37 

.51 

1.08 

.22 

3.41 

.83 

2.57 

.50 

1.45 

1.66 

3.30 

2.82 

9.95 

.28 

4.18 


Apr. 


OS4 

.79 

.84 

.48 

.07 

.44 

.26 

1.71 

1.20 

5.00 

.46 

2.91 

2.95 

5.68 

1.89 

2.36 


4.41  [  1.90 


3.41 
6.55 


.06  I 

1.75' 

8.00  I 

1.15 

3.44 

2.92 

3.41 

.97 
3.22 

.92 

.43  I 
3.89  I 
6.47  , 
5.34  ; 


.58 
2.06 
.00 
.53 
.37 
.48 
.40 
.64 
.37 
.08 
.48 
.07 
1.96 
.56 
.57 
3.10 
.80 


May. 

0.11 
.06 
.21 
.42 
.05 
.08 
.30 
.66 
.24 
.04 
.01 
.00 
.00 

8.17 

1.69 
.32 
.42 
.52 

1.13 
.31 

1.67 

2.10 
.03 
.56 
.44 

1.00 
.11 

1.08 
.19 

1.71 

1.23 
.12 
.24 
.16 


June.  Tol 


0.07 
.00 
.00 
.00 
.00 
.03 
.00 
.07 
.03 
.00 
.00 
.00 
.00 
.59 
.19 
.16 
.22 
.03 
.00 
.00 
.00 
.08 
.00 
.00 
.00 
.00 
.00 
.00 
.95 
.00 
.05 
.15 
.00 
.00 


13. 
8. 
15. 

23.— 
Vi.m 
19.  t= 

20.9 

11..'* 

20.; 

13. 5iCl 

11.5^^ 

9.1^^ 
37. 5m 
10.81. 
21.8;^ 
14.5CF 
17.7(5 
20.97 
25. 45 
18.08 
14.35 
19.82 

8.13 
20.98 

8.11 
16.74 

8.24 

7.49 

8.64 
17.36 
11.15 
17.42 

9.S7 


Average,  34  sea.sons,  lo.CM5. 

In  order  to  determine  the  relative  weights  of  excessive  development 
and  deticiency  in  rainfall  in  bringing  af)()ut  thi.s  effect,  rainfall  tables 
are  ^iven  and  charts  presented  in  whch  the  excess  and  deficiency  of 
rainfall  for  a  period  of  years  at  Anaheim  and  at  San  Bernardino  are 
shown  (fi^s.  3  and  4). 

Since  the  coastal  plain  basin  is  supplied  chiefly  by  the  drainage  from 
Los  Angeles,  San  Gabriel,  and  Santii  Ana  rivers,  its  water  supplies 
are  affected  more  by  the  rainfall  within  the  San  Gabriel  and  San 
Bernardino  mountain   ranges   than   b}"  local  rainfall.     A  composite 
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TOoord^  cooqMled  from  local  reeordu  in  mA  at 
vEiioas  points  within  the  coastal  plain,  would  fumMi  ih^ 
hdory  basis  for  oomparison,  but  since  ^Kessire  odnfall  in 
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Fie.  S.— Chart  showing  departures  from  a  venule  rainfall  at  San  Bernardino,  Cal.    aArenge  for  84 

sroars  (15.06  incbes). 

of  southern  California  generally  means  excessive  rainfall  in  other 
parts,  although  the  absolute  quantity  at  various  points  may  differ 
greatly,  the  percentage  of  variation  from  the  average  at  any  point 
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iiiiiy  1)0  ussuinod  t(>  Im'  iioarly  iM|ual  to  the  percentage  of  \'ariation  from 
thr  iivtMiijjt'  lit  othor  ]M)ints. 

Kv  propariii^  rimrts,  as  th<>.HO  fnmi  San  Bernardino  and  Anaheim 
aiv  |u-o|):uTd.  the  (U')Nirtinv  from  the  average  for  each  year  is  brought 
out  instead  of  tho  t4)tal  pivcipitation.  It  is  thus  seen  at  a  glance 
whether  the  niinfall  for  any  {mrticular  season  is  above  or  below  the 
^(Miend  average.  Siicli  charts  are  especially  valuable  for  compari^jon 
with  a  protih*  likt^  that  of  Mr.  NVrs  (tig.  2). 

The*  underground  waters  shouhl  not  Ih»  withdrawn  faster  than  they 
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L^lmrt  showing  departures  fium  avoniKe  mlnfall  at  Aimhciin.  ('al. 

(11.45  inches). 
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are  restored  during  years  of  average  rainfall.  In  a  conservative  use 
of  these  stored  waters,  as  regulating  reservoirs  and  reserve  supplies, 
they  will  of  course  be  drawn  down  during  years  of  deficiency  in  niinfall, 
but  will  recover  during  years  of  excessive  precipitation.  If  the  water 
plane  continues  to  decline  when  the  precipitation  is  al)ove  the  avenige, 
and  fails  of  restoration  during  years  of  great  excess  it  means  that  a 
pcnnanent  lowering  is  taking  place,  whose  rate  may  be  expected  to 
increase  with  further  developments. 
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In  the  Netf  wells  the  decline  was  sharpest,  as  should  be  expected,  in 
the  years  of  great  deficiency  which  preceded  1901.  The  rainfall  that 
winter,  which  was  over  2  inches  above  the  average  in  San  Bernardino 
and  somewhat  more  than  3  inches  above  the  average  at  Anaheim,  pro- 
duced a  temporary  rise  in  the  profile  representing  the  Anaheim  water 
level,  but  that  rise  was  lost  before  the  end  of  the  succeeding  August, 
proving  that  with  the  drafts  at  that  time  made  upon  the  underground 
water  bodies,  a  rainfall  above  the  average  was  not  sufficient  to  restore 
the  waters  annually  taken  out. 

After  this  winter  of  excessive  precipitation  the  decline  was  continu- 
ous, although  not  at  a  uniform  rate,  through  the  succeeding  dry  year, 
until  early  in  1903,  when,  in  response  to  another  year  of  increased 
rainfall,  the  water  level  rose  about  li  feet,  but  this  effect  had  passed 
and  the  water  level  had  fallen  about  to  the  level  of  the  previous 
autumn,  by  August  1.  The  winter  of  1903-4  was  again  a  winter  of 
marked  deficiency  and  in  the  region  about  Anaheim  there  was  a 
very  rapid  installation  of  pumps.  In  consequence,  the  water  level 
declined  during  the  spring  of  1904  as  rapidly  as  at  any  time  since 
observations  began,  and  on  August  1,  1904,  passed  below  the  50-foot 
level. 

The  significant  point  about  these  declines  is  that  they  have  continued 
through  years  of  more  than  average  minfall,  although  every  foot  of 
decline  decreases  pressure  and  yield  of  flowing  wells  and  stops  the  flow 
of  some  wells  entirely,  thus  tending  to  reduce  the  drafts.  Evidently, 
the  rapid  increase  in  the  number  of  wells  more  than  offsets  the 
decrease  in  individual  yield,  so  that  the  constant  effect  is  an  in- 
crease in  the  total  amount  of  water  withdrawn.  Eventually  the 
falling  water  plane  will  cut  off  so  many  flowing  and  pumped  wells 
that  the  drafts  will  no  longer  be  in  excess  of  the  supply,  and  the 
water  plane  will  then  remain  stationary.  But  that  point  will  be  per- 
manently lower,  and  if  drafts  continue  to  be  increased  it  may  be 
much  lower  than  the  original  ground-water  level.  Where  it  is  finally 
fixed  depends  upon  the  water  users  themselves.  One  thing  is  certain, 
more  water  can  not  be  contiimously  drawn  from  a  reservoir  of  any 
sort  than  is  supplied  to  it,  and  it  is  clear  that  more  is  now  being  taken 
from  this  portion  of  the  coastal  plain  than  is  being  added  by  natural 
processes.  The  water  level  therefore  will  continue  to  fall  until  by 
falling  it  has  reduced  the  drafts  until  they  are  no  longer  in  exces.s  of 
supply.  A  series  of  years  of  heavy  rainfall,  which  are  earnestly  hoped 
for  by  water  users  throughout  southern  California,  would  partly  fill 
the  depleted  reservoirs,  partly  restore  the  original  water  level,  brace 
the  now  tottering  belief  that  the  underground  water  resources  are 
inexhaustible,  and  encourage  further  unwise  development,  so  that 
when  average  conditions  returned  the  decline  would  be  more  rapid 
than  at  present,  and  much  harm  would  result.     As  a  matter  of  fact, 
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the  present  cycle  of  dry  years,  coining  thus  early  in  the  agriculture^ 
development  of  the  region,  will,  if  it  continues  long  enough  to  ca^* 
attention  to  the  earnest  need  of  conservation  of  subsurface  supplies,  be  ^ 
scarcely  disguisi^d  blessing.  The  gi^neral  complaint,  which  one  hearr^ 
everywhere,  of  a  scarcity  of  wat<»r  means  an  awakening  realization  o^ 
the  need  of  care,  and  is  thus  a  most  favorable  omen.  A  public  sentiment 
should  be  created  which  would  make  it  im{X)ssible  for  any  individual 
to  use  his  water  supplies  can»lessly,  to  leave  artesian  wells  uncapped 
and  flowing  freely  when  the  water  is  not  needed,  or  to  use  upon  his 
soil  more  than  the  necessary  amount,  and  a  further  sentiment  should 
be  created  unfavonible  to  tlie  continued  sinking  of  wells  and  installa- 
tion of  plants.  This  is  much  more  difficult  to  create,  bec^ause  the  bring- 
ing of  more  acreage  uiider  cniltivation  and  the  employment  of  capital 
and  labor  in  such  enterprises  are  n^garded  as  general  contributions 
to  the  prosperit}'  and  welfare  of  the  section,  and  are  welcomed  accord- 
ingly. If,  however,  it  is  clearly  understood  that  each  additional  plant 
thus  installed  is  to  a  degree  at  the  expense  of  those  already  in  exist- 
ence, since  it  contributes  to  the  rapidity  with  which  the  water  plane 
is  lowering  and  to  the  expense,  therefore,  of  lifting  irrigation  water, 
sentiment  will  change  in  this  matter  and  it  will  l)c  realized  that  it  is 
better  to  protect  the  vested  interests  than  to  sacrifice  these  for  a  tem- 
|K)mry  increasei  in  industrial  activity. 

In  a  region  where  underground  water  supplies  are  as  important  its 
here,  and  at  the  same  time  so  liable  to  unwise  overdevelopment,  it 
may  eventually  be  necessary  to  (;reat(*  a  State  commission  with  power 
to  grant  or  to  refuse  to  grant  permits  for  drilling  wells  or  installing 
pumping  plants.  Individual  wishes  and  individual  needs  are  scarcely 
to  be  trusted  in  matters  which  so  vitally  atfcct  the  community  and 
the  State  at  large.  Kspecially  is  this  true  f)ecause  it  is  just  those  land- 
owners whose  wells  are  most  favorably  located  who,  having  an  a])un- 
dance  of  water  themselves,  do  not  realize  the  sc^arcity  at  other  ix)ints, 
and  drain  away  the  water  most  nipidly  from  their  less  favorably 
situated  neighlmrs. 

INTERDEPKXDKNCK  OF  WKT.T.8. 

In  general  each  well  in  the  cojistal  plain,  whether  flowing  or  pumped, 
affects  every  other  well  in  the  same  region.  Widely  separated  wells 
wmII  not  have  a  measurable  effect  upon  one  another,  the  actual  effe<'t 
being  too  small  for  observation.  All  drain  from  a  common  source, 
the  body  of  saturated  sands  and  gravels  which  underlie  the  wide  plain 
between  the  Puente  Hills  and  the  sea — and  whatever  reduces  the  amount 
of  water  in  that  body  of  alluvium  affects  all  wells  which  dmw  from  it. 

The  wells  on  the  lowest  ground  are  always  most  advantageously 
situated  when  the  source  of  water  is  common  to  all,  and  there  is  no 
impervious  obstruction  to  interfere  with  free  circulation.     These  lower 
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wells  affect  the  hi(;her  ones  more  than  they  are  affected  by  them,  the 
mutual  effect  thus  differing  in  degree. 

In  the  artesian  area,  where  the  water,  in  its  hIow  movement  toward 
tbet«a,has  passed  below  strata  of  nearly  impervious  clay,  strong  flows 
may  often  be  obtained  from  deeper  horizons  whose  confining  stratum 
citends  farther  inland  and  whose  pressure  therefore  originates  at  a 
higher  point,  after  shallow  wells  have  ceased  to  flow.  The  yield  from 
such  a  deeper  well  will  usually  be  less  than  if  it  had  been  drilled  before 
the  shallow  well  failed,  because  its  pressure  has  also  been  affected  by 
the  general  lowering  of  the  water  plane;  hence  a  degree  of  interde- 
pendence exists  even  between  those  water  horizons  which  are  separated 
by  clay  lenses. 

This  fact  of  interdependence  may  mean  that  users  of  underground 
waten  in  the  coastal  plain  region  are  rivals;  it  should  also  mean  that 
they  have  a  conunon  intere^i^t  in  preventing  waste  and  conserving  their 
supplies. 
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Fig.  5.— DiBgrammatic  cross  w.>ction  uf  sioulhern  California  coaHtal  plain. 
COST  i)F  WEI^I^S. 

As  guides  to  the  cost  q|  wells  the  following  tables  of  approximate 
charges  for  boring  have  lieen  prepared  from  figures  furnished  bj' 
Messrs.  Cunningham,  Raines,  Si'haiitz,  and  Burrows,  who  have  had 
much  experience  as  well  drillers  in  the  Santii  Ana  region.  The  figures 
given  by  responsible  drillers  accord  closely,  the  difference  being  due 
to  local  conditions  or  to  the  custom  in  one  neighborhood  of  making  an 
average  estimate  for  a  number  of  hundred  feet,  while  in  another  this 
average  may  be  split  up  into  specific  rates  for  integral  parts  of  the 
total. 

In  the  following  table  the  price  of  drilling  the  first  hundred  feet 
and  the  additional  price  for  each  50-foot  increase  in  depth  are  given 
for  the  diameters  generally  used  in  this  region: 
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\ilililioiml  fiir*-iirli 
ri«>  Unit  iiii-n'HM-. . . 


Cwii  nf*infling  weUg. 

i  iiirh.  .S  inch.        Aiiifh.  7  inch. 

I 

/v,  r/.     /Vr/r.         /*rr/nnt.      I      Prrfnoi. 
t^\.M\      fU.M)  UK :i.Mo  10.40  j  10.40 
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/¥r/vrf. 
•0.401010.110 


91  Inch.     IMtor^ 

1      ^ 


•0.601010.0 


.SOto 


.90  lo 


For  liydniuru'  wolls  tlio  clmiyo  18  3<)  to  40  cents  per  foot,  the  diaH^' 
otor  2  to  4  iiu'hos  an<i  tlio  dopth  usually  less  than  100  feet. 

Tho  I^ikor  Iron  Works,  of  lios  Angeles,  have  furninhed  the  foUoi^^ 
in^  pMionil  price  |H'r  foot  for  riveted  steel  casing  made  up  into  3-fo9^ 
joints  of  tlu»  sizrs  uiui  jp^^^^s  generally  used  for  wells.  Such  price-^ 
will  viiry  with  tho  ste<'l  nitirket.  so  that  constant  minor  departure^ 
from  tlioin  iiro  to  ho  ox|MH'tiMl. 

i  'nKt  of  ti't'U  iHmng. 


MHiiU'tcr. 

«jiiKf. 

VrWv  jH-r 

f4K.|. 

I  >{h  Dieter. 
Inrht*. 

«w. 

Price  per 
fooc 
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7     : 

14 

.55 
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1.40 
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.55 

'            14 

12 

1.30 
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14 

.64 

14 

10 

1.55 
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12 

.78 

i             1« 

12 

1.55 
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.65 

i      i« 
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10 

1.70 

For  rivetiiijr  sbirters  the  charj^es  are  from  i>()  to  25  oents  per  foot 
extni. 

Rings  nmge  through  ahout  th(»  following  prices: 

ihM,  of  rings. 

4  inoh $2.75 

5  inch 3. 50 

ft  inch 4.00 

7  inch 5. 00 

8  inch 6.50 

9  inch 7. 00 

10  inch 10.00 

12  inch 12.00 

14  inch 17.00 

16  inch 20.00 


SIK.NDENHAI.L.J  UN OKRG ROUND    WATKR8    OF    COASTAL    PLAIN.  33 

In  the  artesian  belt  hydraulic  wells  of  2  or  3  inch  diameter  are  often 
put  down,  and  the  .standard  pipes  for  these  cost,  respectively,  15  and 
2  ~»  c(»nts  each  per  foot. 

DKSCUIPTIOX  OF  MAP8  AXI>  TABLES. 

The  maps  presented  with  this  report  show  (a)  the  areas  irrijjfated  in 

t\\^  spring  of  190i,  when  the  field  work  wits  done  (Pis.  II,  III),  (i)  the 

piatnping  plantsand  distributing  systems  by  which  the  water  is  secured 

arid  conducted   to  the   land   where   it  is  used  (Pis.  II,  III),  (c)  the 

arenas  of  artesian  water-bearing  land  at  the  beginning  of  1904,  and 

tb€?j  original  artesian  area  (Pis.   VI,  Vll),  (d)  the  zones  of  relative 

alkalinity  in  the  underground  waters  (fig.  (>),  and  (e)  the  elevation  of  the 

pl«ines  of  saturation  outside  of  tho  present  artesian  belt  (Pis.  VI,  VII). 

W'here  the  data  are  sufficient  the  elevation  of  the  plane  of  saturation 

J«  $*hown  by  means  of  contours.     The  elevations  used  in  determining 

tbo  position  of  this  plane  are  those  furnished  by  the  topographic  sheets, 

^'liich  serve  as  bases  for  the  maps.     It  is  to  be  regretted  that  these 

^l^vations  are  somewhat  inaccurate,  as  the  sheets  were  prepared  ten 

y^H.rs  ago,  before  modern  refin(»d  toiX)graphic  methods  were  in  vogue; 

l^^tice  the   hydrographic   contours   themselves  are   not  exact  as  to 

^'^J^olute  elevations.     Howevei',  they  are  believed  to  show,  with  fair 

*^<>uracy,  the  relation  of  the  water  level  to  the  topographic  contours 

*^  the  latter  are  dmwn.     This  is  the  essential  thing,  since  it  enables 

"^^  user  of  the  maps  to  tell  the  distance  to  the  water  plane  by  the 

"*tterence  between  the  elevations  shown  !)y  the  two  sets  of  contours. 

A^>^ other  matter  for  regret  is  that  these  contours  have  but  an  ephemeral 

vu.Iue  as  practical  guides  in  developing  water.     With  the  water  plane 

l^^ering  at  a  rate  of  from  0  to  5  feet  per  year,  the  depth  to  it,  as 

f ^Corded  by  these  maps,  will  soon  cease  to  be  correct.     But  as  records 

of  the  position  of  the  water  plane  in  the  early  part  of  the  year  1904, 

they  will  always  have  interest  apd  will  serve  as  a  basis  for  comparison 

in  later  years. 

On  the  mesa  lands,  and  in  areas  generally  where  the  wells  are  few 
and  the  water  plane  is  irregular,  sufficient  data  do  not  exist  to  show  its 
position  by  contour.  In  these  cases  the  water  elevations  at  the  indi- 
vidual wells  visited  Jire  shown  in  purple-blue  figures,  the  positions  of 
the  wells  in  the  same  color,  and  the  numbers  of  the  wells  in  black. 

From  the  determinations,  by  means  of  the  electrolytic  bridge,  of  the 
amounts  of  salts  carried  in  solution  in  the  waters,  a  map  (fig.  6)  has 
lieen  prepared  upon  which  waters  with  e(|ual  mineml  contents  are 
grouped  in  zones.  Th(»  boundari(\s  sei)arating  these  zones  are  not 
sharp,  but  the  grouping  brings  out  the  general  fact  that  in  the  vicinity 
of  the  bed-rock  hills  of  TcMtiary  shale  and  sandstone,  which  are  impreg- 
nated with  alkaline  salts,  the  ground  waters  are  distinctly  more  alka- 
line than  at  a  greatei*  distance,  where  the}^  are  derived  chiefly  from 
IRR  187—05 8 
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^e  HckkIh  of  the  larj^r  stiviiins.     The  purer  waters  of  the  lowhnd^ 
t<K),  iimko  distinct  Iwiys  in  the  less  pure  hill  waters,  and  the  position  <^* 
these  hays  is  so  n^lated  to  the  surface  channels  of  Santa  Ana  River  aii^ 
Santiiijiro  C -reek  as  to  suj^fjfest  that  they  mark  the  position  of  the  mor*^ 
rapid  underground  jwrcolation  from  these  streams,  as  sources,  towar^ 
the  artesian  areas  Inflow. 

On  the  maps  showing  the  wells  (Pis.  VI,  VII),  those  that  were  flov"  ^ 
ingat  the  tinu>  the  field  work  was  done  are  given  a  distinctive  symbor  -r 
as  are  those  on  which  pumping  plants  are  installed,  when  the  wate^^ 


Fio.  6.— Map  showiug  approximiite  amounts  of  dissolved  solids  in  tho  uiulcrgnmnd  waters  of  the 
eastern  part  of  tlie  eoast^il  plain  of  Houlhern  (-alifornia. 

thus  pumped  is  used  in  irrigation.  The  flowing  wells  will  rapidly 
decrease  for  a  time  in  num!x».r  and  \Meld,  it  is  expected,  and  the  puui])- 
ing  plants  are  increasing  in  number  with  e(|ual  rapidity. 

Ekch  well  is  numbered  on  the  map,  and  in  the  tables  the  essential 
facts  concerning  it  are  given  under  the  same  number.  Where  it 
has  been  possible  to  secure  definite  data,  the  cost  of  the  well  and  of 
the  machinery  is  given. 
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Where  wells  were  flowinj^  or  pumped  and  were  accessible  for 
rDea8urenient,  the  yield  is  given  in  the  table;  in  other  cases,  where  it 
was  not  possible  to  make  independent  determinations,  statements  of 
operators  of  pumping  plants  were  taken. 

The  approximate  proportion  of  salts  in  the  water — that  is,  its  alkalin- 
ity—was  determined  by  the  electrolytic  bridge  and  the  result  appears  in 
one  of  the  columns.  These  results  have  also  been  generalized  in  the 
map  (fig.  6)  already  referred  to.  In  n^ost  cases  they  should  be  cor- 
rect within  three  or  four  parts  per  100,000;  greater  refinement  is  not 
possible  with  the  rapid  methods  used.  All  the  deep  wells  in  the  area 
famish  excellent  potable  waters,  and  of  course  thev  are  thoroughly 
safe  for  irrigation.  An  occasional  shallow  well  shows  a  much  higher 
degree  of  alkalinity,  due  proliably  to  a  source  too  near  the  surface  in 
alkaline  soils.  Near  the  coast,  also,  some  wells  are  quite  brackish,  and 
generalh'  the  mesa  waters,  and  those  nearer  the  foothills,  composed 
of  alkali-bearing  rocks,  show  the  etfects  of  their  environment. 

Under  the  heading  "Map  IcK'ation,''  a  letter  and  a  number  appear. 
The  map  has  been  divided  into  rectangles  which  are  lettered  horizon- 
tally and  numbered  vertically.  This  column  tells  at  once  in  which  of 
the  rectangles  the  well  is  to  be  sought,  and  enables  any  number  on 
the  map  to  be  readil}'  found.  The  other  colunms  in  the  table  are  self- 
explanatory. 

ACKXOW  LEDGMEXT8. 

The  field  work  in  the  Anaheim  quadrangle  has  been  done  almost 
entirely  by  Mr.  A.  J.  Fisk,  jr.,  Mr.  E.  R.  Furstenfeld  assisting  for 
a  short  period. 

Mr.  A.  P.  McCarton  has  colh^ctcd  the  greater  part  of  the  informa- 
tion embodied  in  the  Santti  Ana  maps  and  tables,  Mr.  W.  N.  White 
being  responsible  for  a  small  portion. 

In  securing  infonnation  concerning  the  greater  irrigating  systems, 
the  officei*s  of  the  companies  have  been  appetih^d  to  and  have  responded 
with  unfailing  courtesy.  Mr.  Mansur  has  supplied  data  as  to  the 
practice  under  the  Santa  Ana  Valley  system,  and  Mr.  Sherwood,  rep- 
resenting the  Anaheim  Union  Water  Company,  has  responded  to 
inquiries  about  that  system.  Sketches  of  the  Carpenter  and  Serrano 
companies,  deriving  their  waters  from  Santiago  Creek,  have  been  fur- 
nished by  Mr.  Helwig  and  Mr.  Collins. 

Well  drillers  generally  have  answered  (|ueries  as  to  phases  of  the 
work  in  which  they  are  most  interested,  and  Mr.  E.  C.  Cunntngham, 
of  Santa  Ana,  in  particular,  has  been  relitible  and  obliging  in  these 
matters. 

The  office  work  involved  in  conipilintr  the  tables  from  the  field 
records  and  in  preparing  the  maps  for  publication,  has  been  done 
largely  by  Mr.  A.  J.  Fisk,  jr.;  assistiince  here  has  also  been  rendered 
by  Mr.  W.  N.  White. 
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LETTER    OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Sitrvey, 

IIvDRooRAPiiic  Branch, 
Washington,  I).  C,  Nirveniher  S,  1904- 

Sm:  I  transmit  herewith  a  report  entitled  "The  Development  of 
Underground  Watei-s  in  the  Central  Coastal  Plain  Region  of  Southern 
California,"  prepared  hy  Mr.  W.  C.  Mendenhall,  under  the  general 
direction  of  Mr.  N.  II.  Darton,  and  recommend  that  it  be  published  as 
a  Water-Supply  and  Irrigation  Paper. 

This  paper  is  similar  to  the  one  just  published  entitled  ''The 
Development  of  Underground  Waters  in  the  Easteni  Coastal  Plain 
Region  of  Southern  Calif oniia,"  and  contains  the  results  of  work  in 
the  portion  of  tlie  coastal  plain  just  west  of  the  area  described  in  that 
paper.  A  tliird  paper  will  treat  of  the  area  northwest  of  that  here 
described  and  will  complete  the  series  of  preliminary  papers  on  the 
coastal  plain  of  soutliern  California. 

The  studies,  a  part  of  whose  results  are  being  made  available  in 
this  way,  arc  planned  to  cover  all  the  important  water-bearing  lands 
of  the  valley  of  southern  California.  In  most  instances  the  facts 
gathered  concerning  the  wells  and  the  distributing  systems  w^ill  be 
supplemented  l)y  a  study  of  the  h)cal  geology,  in  so  far  as  it  controls 
the  amount,  distribution,  and  cin'uhition  of  the  groun<l  waters.  The 
hydrographic  data  and  the  geoh)gic  data  will  then  be  discussed  and 
issued  togctluu*  in  one  report.  In  the  coastal  plain  area,  however, 
the  geologic  conditions  being  relatively  simple,  and  the  hydrographic 
data  being  large  in  volume  and  of  paramount  importance,  it  is  deemed 
best  to  issue  the  latter  at  once,  rather  than  to  delay  it  pending  the 
working  out  more  fully  of  the  comparatively  unimportant  geologic 
problems.  Therefort*  the  tables  and  maps  are  presented  here  for  the 
consideration  of  water  users,  with  a  comparatively  brief  text,  which 
is  cliiedy  descriptive,  but  which  includes  a  discussion  of  the  effects  of 
development  and  drought  in  bringing  about  those  <*hanges  in  water 
levels  and  in  the  oiitlin(\s  of  artesian  areas  which  hav<'  been  most, 
marked  within  the  last  liv<»  or  six  years. 

Very  n^specl fully,  F.  11.  Nkwkll, 

Ch'nf  Knfj'miiv. 

lion.  Chaki.ks   1).  AValiott. 

Din  (tor  I'fiitid  Stdtrs  (riolof/ical  Survry, 


/ 


DEVELOPMENT  OF  UNDERGROUND  WATERS  IN  THE 
OENI'RAL  COASTAL  PLAIN  REGION  OF  SOUTHERN 
CALIFORNIA. 


Bv  W.  C.  Mendeniiall. 


INTROni'CTlOX. 

This  paper  is  similar  to  Water-SuppIy  Paper  No.  137,  on  the 
**  Development  of  lTn(lero:round  Watei-s  in  the  Eastern  Coastal  Plain 
Region  of  Soutliern  California."  It  contains  the  data  gathered  by 
the  Survey  in  the  Downey  and  Las  Bolsas  quadrangles/'  just  west 
of  the  two  quadrangles  described  in  the  earUer  pubUcation.  It 
includes  tables  of  the  wells,  with  data  as  to  their  position,  depth, 
diameter,  cost  of  installation,  and  yield,  and  maps  of  the  irrigated 
lands  and  distributing  s3'stems.  These  data  give  a  resume  of  the 
individual  experiences  of  well  owners  in  the  region  as  well  as  of  the 
general  effects  of  the  great  amount  of  devehipment  which  has  taken 
place  within  the  last  ten  years. 

By  the  valley  of  southern  California  is  meant  that  lowland  area 
extending  from  Santa  Monica  to  Redlands,  and  from  the  base  of  the 
San  Gabri(4  and  San  Bernardino  ranges  southward  W  or  40  miles. 
It  includes  the  coastal  plain,  the  broad  portions  of  the  Santa  Ana, 
San  (rabriel,  and  Los  Angeles  river  valleys,  and  the  irregular  groups 
of  hills  which  add  })icturesciue  variety  to  these  lowlands  and  separate 
them  into  distinct  tillable  areas.  Much  of  this  region  is  intensively 
cultivated.  The  foothill  belt  from  Pasadena  eastward  to  Ontario, 
the  Riverside  Mesa  lands,  and  the  Redlands  and  Highlands  bench(*s 
are  justly  famous  citrus  regions,  where  agricultural  lands  have  high 
values.  In  th<^  coastal  })lain,  which  is  not  so  well  adapted  to  citrus 
(Uilture,  there  is  greater  agricultural  diversity:  dairying,  market  gar- 
dening, the  raising  of  deciduous  fruits  and  vegetables  and  of  Lnglish 
wahiuts,  celery,  and  sugar  l)eets  Ix'ing  im|)ortant  industries. 

"  A  qiitidnin^'le  is  the  unit  i>f  snrvfv  ii<lo|»tc<i  by  thr  T'nitiMl  st»t''s  (JfuloKioHl  Siirvi\v  for  the  topo- 
gniphie  uiul  jroolopc  arl.j*;  of  thi-  Initnl  stjit<'.s.  It  is  ;i  nttan^uljir  jin'.i  !'•  niintiti's.  .'Ominutrs.  or  I 
<legrei'in  i'Xtont  racli  w:iy,)>oiin<I(Mi  l)v  luinillrlstiiifi  nirridiaiis.Mnilliiivin^aiiiirc:!  of  ono-sixtivnth.onr- 
quartor,  or  1  scjiian'  (ir^n-o.  Thr  (iua<lranj.'l«'s  liisrv'pinl  politiral  lHiuinlari«'s.  swell  as  those  <if  Stales, 
counties,  ami  t«»\vnships.  To  each  is  niveti  tile  name  of  somi- well-lfiiowii  pla<'«"  or  feature  within  its 
limits.    A  sheet  is  tlie  toiuti^rapliir  map  of  one  nf  tlieat)ove  areas. 
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III  allortliisajrricultural  and  hortiriiltural  activity,  the  first  requisite 
is  watrr.  Thcciitiiv  iv^ion  is  seiiiitropic  and  soniiarid  and  irrigation 
is  Mccossary  in  order  to  niatnro  any  oxcopt  a  few  of  the  less  valuaMe 
iTops.  As  is  ^x^'norally  tlie  case  in  retrjons  of  little  rain,  the  soiLsan- 
rich  hecaiise  they  have  not  been  leached  of  their  soluble^  fertile  ele- 
ments, and  when  water  is  applied  to  them  they  yiehl  ahuiulaiitly.  As 
is  fnlly  recojrni/.ed  by  apicidtnrists.  <*onstant  smishine  and  warmth, 
with  th(»  artificial  application  of  water  in  the  rij^ht  quantities  at  the 
litrht  times,  pve  ideal  conditions  for  lar»;e  yiehls;  hence  the  lands  in 
arid  or  senn'arid  rejrions.  when  brought  into  cultivation  by  means  of 
an  abundant  artificial  water  supply,  are  nuich  more  valuable  than 
tliose  in  rejrions  of  jjjreater  rainfall,  where  irripition  is  not  practiced. 

In  southern  California  lands  inuler  irrii^ation  usually  bring  several 
hundred  dollars  per  acre,  are  not  infreijuently  valued  at  SI. 000  per 
acre,  and  may.  in  exceptional  cases,  brin*;  SJ.OOO  or  even  more.  Since 
the  j^reater  part  of  the  cidtivable  dry  lands  (piickly  acquire  such 
values  when  water  is  applied  to  them,  the  story  of  the  <rrowth  of  this 
retrion  l)ecomes  a  story  of  tlu'  utilization  and  application  of  it.s  avail- 
able waters.  To  the  j)ractical  solution  of  water  problems,  engineer- 
injrand  lepil,  much  of  the  best  talent  of  the  country  has  been  devoteil 
for  many  yeai-s.  and  will  be  for  many  yeai*s  to  conu\ 

The  first  settlei*s.  the  Mission  Fathers,  after  them  the  Mexicans, 
and  still  later  the  Americans,  secured  their  first  holdinirs  near  the 
llowinjr  streams  or  the  "cicmitra  *  lands,  the  sites  of  perpetual  spring. 
As  the  areas  under  cultivation  slowly  increased,  the  waters  of  the 
mountain  canyons  were  jrradually  appropriated  and  applied  to  the 
adja('(Mil  lands.  Then  enjrinecMin^  devii'cs  were  resorted  to  for  in- 
crciisinLT  I  lie  (low  of  s|)rin»^s.  for  iMt(M*ccj)tin«r  tiie  uii<lcrtlow  of  str(»anis. 
or  t'ni'  >;toriiii^  I  lie  llood  waleis  by  means  of  clams  and  reservoirs. 
Lastly,  ;it  tent  ion  was  turnc^d  to  the  underground  waters,  which 
provtMl  to  occui"  in  Inr^e  (piantities  and  to  b(»  wi<lcly  distributed, 
so  that  entire  conimuiiiticvs  havc^  sprunir  uj)  which  depcMid  wholly  on 
tlicM'  sources  for  their  irritration  water.  Developments  durinij:  the 
last  ten  \c:irs  have  been  chielly  those  ol"  un(lei'«rn)und  sources,  and  tlu' 
map^  and  inbles  in  this  paper  show  their  extent  in  a  small  j)art  of  the 
valley  of  soutlii'rn  Californi.M.      (See  IMs.  I,  II.  and  IV.) 

rilK  COASTAL  PLAIN. 

The  district  und(M-  inunediate  consideration  is  the  central  porticm 
of  the  coas;al  j>lain  of  .soutiiern  California.  This  plain  extends 
inland  from  iUr  Tacilic' Ocean  l')or  20  miles  to  the  l)a.se  of  the  hills 
whicii  rcpn^sent  the  Coast  Kant^e,  and  stretches  coastwise  for  oO  mih*s 
fnmi  Sherman  lo  the  foot  of  the  San  Joacpiin  Hills,  it  is  <i:enerally 
level  or  <j:ently  slopin*:,  is  fringed  on  the  coastward  side  by  a  belt  of 
salt  marshes  and  sand  dunes,  and  has  an  area  of  775  square  miles. 
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On  the  northeast  it  is  l)ounded  by  the  Santa  Ana  Mountains  and 
their  extension,' the  Puente  Ilills.  Near  the  Pacific  its  even  surface 
is  interrupted  by  a  line  of  low  hills  which,  in  the  vicinity  of  Hunt- 
injXton  Beach  and  Los  Alamitos  Bay,  lie  close  to  the  coast,  but  which 
to  the  northwest  are  found  farther  inland  as  the  shore  line  swings  west- 
ward about  San  Pedro  Hill.  ThLs  line  of  low  hills  of  irregular  height 
marks  the  seaward  l)oiindary  of  the  coastal  artesian  belt.  As  a 
to|)o^rai)lu(*  feature  it  is  broken  by  the  valleys  of  Santa  Ana,  San 
(iabiiel,  and  Los  An^roles  rivers  which  cross  it  on  their  way  to  the 
sea:  but  as  a  striK'tural  feature  and  as  a  bamer  to  the  subterranean 
waters  which  percolate  slowly  seaward,  it  appeai-s  to  be  continuous 
throufi:hout.  Tiie  Downey  and  I^as  Bolsas  quadrangles,  which  con- 
stitute th(»  central  coastal  plain  region,  include  an  area  that  extends 
from  the  shores  of  the  Pacific  at  San  Pedro  Bay  across  the  coastal 
jdain  to  its  inner  edge  in  the  neighborhood  of  Wliittier  and  the  Paso 
de  Bartolo  (PI.  II J).  These  quadrangles  lie  about  midway  of  the 
east-west  extcMil  of  the  plain  and  include  the  broadest  part  of  the 
artesian  belt:  they  contain  more  wells  than  any  area  of  equal  size 
in  southern  California. 

The  greatei'  part  of  this  area  is  underlain  by  loose  sediments — sand, 
gravels,  and  clays — which  were  brought  down  from  the  mountains  by 
the  rivers  and  distributed  by  them  and  by  the  waves  and  currents 
of  the  Pacific  off  tin*  shore  of  this  part  of  the  continent.  The  coastal 
plain  is  believed  to  have  been  at  one  time  a  broad  embayment  with 
San  Pedro  Hill  as  an  islaii  !  well  offshore,  as  Santa  Catalina  is  now. 
As  a  result  of  the  accumulation  of  the  d6bris  brought  out  by  the 
streams,  and  perha})s  also  in  part  as  a  result  of  uplift  through  cnistal 
movement,  this  <]^rcat  bay  has  been  reclaimed  from  the  sea,  and  is 
now  a  |)rosp(M'ons  nnd.  tlu'oughout  nuu^h  of  its  area,  densely  settled 
agricultunti  region. 

SOILS  AXn  <  TtOPS. 

The  soils  of  the  Downey  and  Las  Bolsas  (pUKlrangles  do  not  exhibit 
the  great  divcisit y  lound  in  sonn*  areas  of  the  same  size  in  the  south- 
ern [)art  of  the  Stale,  although  a  numl)er  of  more  or  less  distinct 
varieties  arc  recognized  and  ma[)p<'d  by  the  Agricultural  J)epartment." 
The  soils  are  rather  uniform  in  texture,  ranging  only  from  the  sands 
or  fine  gravels  of  San  ( labriel  Wasli  or  of  the  beach  duiu's.  to  the 
dark  adobes  of  the  niaisii(»s  and  tulc  lands.  They  vary  in  origin  from 
the  washes  bronght  by  the  streams  from  the  distant  mountains  to 
the  clays  of  the  hcnchcs  east  of  Whittiei',  which  are  derived  from  the 
Tertiary  shalr-^  of  the  adjacent  hills.  They  iiiclude  the  rich  haims  of 
the  j)eat  swamps.  \\hi<'h  owe  their  fertility  in  part   to  the  vegetable 

"M«"stiirr.  I.oiii-.  >'"il  skim  >  "f  tli--  I.i's  \ii:_'i'li-  .in-.i.  l-'i«'Iii  oiH'r:iti<»iJs  lJnn'jiui»f  Soils.  I.'.  S.  Oi-pt 
Agmultun'.  1<nii. 
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mold  which  has  accumulated  through  the  decay  of  plant  growths. 
These  soils  are  generally  productive,  except  in  the  sandy  washes  or 
dunes  and  in  some  of  the  lower  lands  where  alkalies  are  found  in 
excess.  The  latter  trouble  probably  can  be  remedied  by  drainage  in 
all  cases,  but  few  systematic  attempts  have  yet  been  made  in  this 
direction.  The  more  alkaline  lands  are  generally  included  in  the 
wide  pastures  of  the  larger  undivided  ranchos. 

The  crops  exhibit  tlie  diversity  which  is  characteristic  of  the  coastal 
belt.  On  the  benches  about  Whittier  are  extensive  citrus  orc^hards. 
In  the  lowlands,  under  the  San  (labriel  irrigation  systems,  are  many 
flourishing  walnut  groves  and  orcliards  of  deciduous  fruits.  Berrj" 
growing,  gardening,  alfalfa  raising,  dairying,  and  grape  culture  are 
practiced  about  Florence  and  Compton.  Sugar  beets  and  alfalfa 
are  raised  in  quantities  in  the  vicinity  of  Ijos  Alamitos,  and  celerj-, 
potatoes,  corn,  and  fruits  are  grown  in  the  fertile  and  highly  culti- 
vated peat-land  region  south  of  Westminster. 

Large  parts  of  the  Los  Cerritos,  Los  Alamitos,  and  Los  Coyotes 
ranchos  are  not  under  cultivation,  but  are  reserved  as  pasture  lands 
and  stock  ranges.  As  tliese  ranclios  include  considerable  areas  of 
moist  land,  grazing  is  possible  throughout  tlie  year  over  much  of 
their  acreage  without  irrigation. 

Both  tlie  surface  and  the  subsurface  waters  of  the  Downey  and 
Las  Bolsas  quadrangles  are  supplied  largely  by  San  Gabriel  and 
Los  Angeles  rivers.  J^art  of  the  underground  waters  of  the  south- 
eastern portion  of  this  area  are  probably  contributed  by  the  Santa 
Ana  drainage  system.  These  three  streams,  the  largest  in  southern 
California,  carry  to  tlie  Pacific  almost  all  of  the  run-off  from  the 
soutliern  and  western  faces  of  the  San  (lal)riel  and  San  Bernardino 
ranges,  which  are  the  most  effective  mountain  masses  in  this  section 
of  the  State  from  the  point  of  view  of  their  capacity  to  induce  pre- 
cipitation. This  is  due  to  their  heiglit  and  to  tlie  fact  that  no  high 
land  intervenes  hctwccMi  tluMii  and  the  Pacific,  wlience  the  moisture- 
laden  winds  come. 

The  channel  of  each  of  thes(»  streams,  in  its  passage  seaward  from 
the  mountains,  crosses  one  or  more  wide  valleys  filled  with  loose 
sands  and  gravels.  The  waters  are  absorbed  by  this  debris,  and 
p(M'C()latc  slowly  through  it,  beneath  the  surface,  to  reappear  at  some 
lower  point  where  an  obstruction  to  the  underground  passage  forces 
them  to  the  surface.  At  these  points  the  underground  waters  become 
surface  (lows  again,  until  al)sorbed  later  by  another  body  of  loose 
material.  Thus  the  Santa  Ana  sinks  in  the  wash  above  Kedlands, 
rises  to  the  surface  above  the  Bunker  Hill  ''dike,"  sinks  below  it, 
rises  from  Riverside  to  Bedrock  Canyon  below  El  Rincon,  sinks  in 
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the  wash  above  Santa  Ana,  and  finally  partly  rises  again  in  the  large 
peat-land  springs  about  Talbert.  The  San  Gabriel  and  the  Los 
Angeles  exhibit  the  same  characteristics,  but  disappear  and  reappear 
less  often  in  their  much  shorter  courses  to  the  sea. 

This  natural  ha})it  of  the  streams  has  been  more  or  less  seriously 
interfered  with  by  the  irrigation  systems  developed  since  the  settle- 
ment of  the  region.  At  present  irrigation  canals  head  at  the  mouth 
of  the  mountain  canyon  from  which  each  stream  first  debouches 
upon  the  plain,  and  at  every  place  where  the  subterranean  waters 
reappear  the  water  is  distributed  upon  the  adjacent  lands,  where  a 
much  smaller  proportion  of  it  sinks  and  joins  the  underflow  than 
before  it  was  thus  diverted. 

The  winter  flood  waters,  which  have  always  furnished  the  most 
important  addition  to  the  underground  supply,  are  interfered  with 
but  little  by  the  irrigation  developments,  and  are  still  available  for 
the  annual  recharge  of  the  gravels. 

IKHIGATIOX  HYKTKMH. 

The  only  important  system  of  canals  in  the  Downey  and  Las 
Bolsas  quadrangles  is  the  one  which  diverts  the  San  Gabriel  River 
watei-s  that  rise  to  the  surface  in  the  neighborhood  of  the  Paso  de 
Bartolo  (see  PI.  II).  A  number  of  ditches  here,  some  of  them  among 
the  oldest  in  southern  California,  take  out  the  river  water  as  it  rises 
in  springs,  and  distribute  it  over  the  irrigable  lands  in  the  neigh- 
borhood- of  Whittier,  Rivera,  Downey,  and  Norwalk. 

The  available  measurements  of  flowing  waters  at  the  Paso  de 
Bartolo  are  as  follows: 

Disvhiirfjf  measurrtinnts  at  thr  Paso  <h  Hartnio. 

DineliH  lyc. 


Shpi'p  Creek  ditrh                    .... 

A  lip. 
Srro 

7.  v.m. 

nii-lrrt. 
2.4(i 
2.47 
1.2() 

S.71 

IT).  44 
23.  IS 

Oct.  2,  n«H. 
Seronfi-fert. 

4.6 

3.4 

1 

5.5 
14 

2S 
29 

Oct. 
Srrm 

rui-fert, 
1  35 

Rincon  dit^'h        

1  5 

Old  Temple  ditch 

Cat<»  ditrh 

11   1 

Standefer  ditrh 

12  9 

Banta  and  L<»s  Nietos  ditches 

19  5 

Rio  Hondo  under  Mission  bridjre 

Baldwin's  ditch 

•22.  19 
2.  S?) 

Total 

US.  12 

84.  .V) 

71.43 
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It  is  to  he  expected  that  Oetoher  measurements  will  he  higher 
than  those  of  Au^ist,  the  evaporation  hein^  lighter  in  the  fall,  but 
the  effect  of  the  greater  rainfall  preceding  tlie  summer  of  1903,  as 
compared  with  the  sununer  of  1904.  is  clearly  shown  in  the  differ- 
ence between  the  two  October  measurements.  None  of  the  waters 
measured  are  developed  waters,  and  none  of  them  reach  the  pass 
as  surface  streams  All  represent  underflow  below  the  mesa  lands 
north  of  the  pass,  forced  to  the  surface  by  the  constricted  character 
of  the  outlet  and  the  comparative  nearness  of  bed  rock  to  the  surface. 

The  following  brief  descriptions  of  some  of  the  principal  ditches 
which  take  their  supply  from  this  region  and  distribute  it  over  the 
irrigable  lands  south  of  the  pass  are  summarized  in  part  from  William 
Ham.  Hall's  **  Irrigation  in  vSoulhern  California."  They  are  brought 
up  to  date  by  additional  information  gleaned  from  various  sources. 

RINCON  DITCH. 

This  ditch  is  nearly  (>  miles  long  and  tak€\s  its  water  from 
San  (labriel  River  about  2  miles  below  the  Southern  Pacific  Rail- 
road crossing.  It  was  built  by  Mr.  Strong  in  1871.  It  is  aI)out 
4  feet  wide  on  the  bottom,  unlined  except  in  the  vicinity  of  the 
pumping  plant,  and  carries  a  variable  depth  of  water.  The  land 
which  it  serves  lies  in  the  Paso  de  Bartolo  and  along  the  upper 
edge  of  the  coastal  plain  just  west  of  Whittier.  In  1S«SS  about  5S6 
acres  were  reported  as  served  by  the  ditch,  and  in  1904,  800  acres. 
In  1902  the  supply  of  water  from  the  river  was  augmented  by  the 
installation  of  a  pumping  plant,  wliicli  is  now  used  to  make  up  the 
deficiency  in  the  river  supply.  In  1904  this  plant  was  in  operation 
for  about  four  months,  day  and  niglit,  and  produced  during  that 
time  al)()nt  120  miner's  inches.  The  pumj)ing  company  is  incor- 
poratcMJ  as  tlu»  Rincon  Irrigation  (\>inj)any,  hut  its  stockholders  are 
tlic  irrigators  owning  land  served  by  the  ditch. 

GATE  DITCH. 

This  ditch,  l)uilt  by  J.  W.  ('at(^  in  1S()7,  takes  its  watei*s  from  the 
San  (ijihricl  at  about  tiio  point  where  the  stream  deserted  its  old 
chamu^l  in  tin*  Hood  of  IS()7  OS.  The  ditcli  is  alxuit  iVi  miles  long, 
and  scrv(*s  an  area  lying  in  and  below  tlie  Paso  de  Bart  oh)  and 
between  Kio  Hondo  and  San  (ial)ri(»l  Kiver.  The  amount  of 
land  irrigated  l)v  this  ditch  has  remained  nearly  constant,  for 
1.200  acres  were  reported  under  irrigation  in  ISSO.  \,'M)0  acres  in 
ISSC),  and  1,300  acres  in  1904.  Until  1900  the  ditch  was  of  earth 
construction  and  the  loss  of  water  by  see|)ag(^  was  consideral)le. 
On  April  19  of  that  year  the  water  us(»rs  incorporated  as  the  Cate 
Ditch  Water  Company,  with  8, (UK)  shares  at  81  per  share.  Money 
was  borrowed  and  improvements  were  at  once  undertaken.  At 
present  (January  1,  1905,)  one-half  mile  at  the  head  of  the  ditch 
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and  1  mile  at  the  lower  end  of  the  ditch  remain  unimproved,  over 
2  miles  are  cemented,  and  1,000  feet  of  wood  flume  have  been  put 
in.  These  improvements  are  reported  to  have  cost  about  50  cents 
per  running  foot.  The  water  stock  is  appurtenant  to  the  land  and 
is  nonti-ansferal)le.  The  thirty-five  irrigators  are  assessed  $1  per 
acre  to  cover  running  expenses  and  interest  and  to  provide  a  sink- 
ing fund.  The  expenses  are  low,  the  cost  of  repairs  on  the  dam 
and  cliargos  for  cleaning,  improving,  and  maintaining  the  ditch 
amounting  to  only  about  $350  annually. 

When  water  is  abundant  in  the  spring  the  ditch  is  divided  into 
three  heads;  in  the  sununer,  when  the  amount  available  is  less,  but 
two  heads  are  available,  and  at  times  of  particularly  low  water 
there  is  only  enough  for  one  head.  A  **head"  under  these  condi- 
tions is  a  variable  (juantity,  but  is  said  always  to  exceed  100  miner's 
inches.  The  period  of  rotation  varies  from  twelve  to  sixteen  days. 
Kach  irrigator  in  turn  has  the  use  of  a  head  of  water  for  thirty 
minutes  per  acre,  except  when  the  ditch  cames  but  one  head,  when 
the  period  is  reduced  to  fifteen  minutes. 

The  available  measureincMits  of  the  flow  in  the  Gate  ditch  follow: 

Floir  iu  Cntf  ditch,  California. 

Minor's  inehrii." 

August.  Um 435 

(X-tol)or,  Um 275 

Octolx^r,  IIKJJ 555 

STANDEFER  OR  RANCHITO  DITCH. 

This  ditcli  was  constructed  in  1S71  by  settlei-s  who  had  purchasi»d 
lands  on  the  Paso  de  Bartolo  Rancho  from  Pio  Pico.  Iti?  title  is 
inherited  l)y  prescription  and  riparian  ownership  from  the  rancho, 
whose  proprietors  had  used  the  water,  although  in  a  verj'  unsys- 
tematic way,  lor  years.  The  divei-sion  from  the  San  (labriel  is  by 
a  sand  and  bnisli  dani,  owned  and  constructed  by  the  Standefer, 
Banta,  and  Los  Ni(»tos  ditches  jointly,  at  about  the  narrowest  part 
of  the  pass.  Tlie  main  ditch  is  over  3  miles  long  and  discharges 
into  San  (Jahriel  River  l)elow  the  Santa  Fe  Railroad.  During 
the  past  two  or  thvvo  years  the  Pallett  and  Walnut  branches  and 
about  2,S0()  feet  of  the  main  ditch  have  l)een  cemented.  The  rest 
is  of  earth  construction.  In  1002  the  irrigators  under  this  ditcli 
incorporated  on  a  l)}isis  of  10  shares  per  acre,  or  l.'^OOO  shares  in 
all.  The  exjxMiscs  of  chiming  and  maintenance,  zanjero's  fees,  etc., 
are  met  by  cluirgcs  of  10  cents  per  liour  per  head  for  day  service 
and  5  cents  per  hour  for  night  s<Mvic<\  The  ditch  carries  tln*ee  or 
four  heads  of  150  to  200  inches.  Charges  for  new  construction, 
cementing,  etc..  twr  met  by  special  assessments. 

•iThi'oM  Ciilif«»rrii.i  iniii' r  <  imli  is  n-^il  thnm^'Iioiit  thi.s  n|  (irt      It  i»  I'quivMli'nt  to  0  gallons  jht 
minute,  ouc-lifti'th  M-iona-ftnit.  or  1 1  47s  uirc-ftrt  |mt  year 
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BANTA  AND  LOS  NIETOS  DITCHES. 

The  Los  XiotDs  (Ulrh.  which  was  built  previous  to  1838  by  Don 
Pio  Pico,  the  *rrantee  of  the  Paso  de  Bartolo  rancho,  and  the  Banta 
ditch,  buih  by  P.  Banta  in  1S(>7.  have  used  the  same  canal  for 
about  2  miles  below  their  diversion  works  since  1884.  when  the 
orijrinal  upper  Los  Xietos  ditch  was  destroyed  by  flood.  Below  the 
section  which  is  owned  and  operated  jointly,  the  Banta  ditch  is 
about  2  miles  lonj;  and  serves  about  SOO  acres  southwest  of  Whittier 
and  below  the  lands  watered  from  the  Rincon  ditch.  Twenty-three 
irripitois  are  served  by  this  ditch  at  present  (1904). 

The  Los  Xietos  ditch  extends  south  about  31  miles  from  the  |)oint 
of  its  diversion  from  the  Banta  <litch  and  serves  about  1,000  acres 
lyinjj  just  east  of  San  (iabriel  River.  In  1SS5  its  interests  were 
incorporated  on  the  basis  of  l.oOO  shares,  which  are  not  transferable 
out  of  the  district. 

The  total  How  in  the  San  (Iabriel  at  the  headworks  of  the  Stande- 
fer.  Banta.  and  Los  Xietos  ditches,  which  was  estimated  at  from 
1.lM)()  to  1, .*)()()  miner's  inches  in  isss.  is  proportioned  among  the 
three  ditches  in  the  order  named  in  the  ratio  of  12:9:7,  the  division 
bein^r  elVc('tc<l  on  the  followinjjj  basis:  The  total  flow  is  divided  into 
four  parts,  (»ach  ditch  rec(Mvintr  one  part  and  the  remaining  fourth 
beint;  sliarcd  by  the  Standefer  and  Banta  ditches,  the  former  receiv- 
ing; the  water  live  and  the  latter  two  days  in  each  w^eek. 

The  combined  How  of  the  two  ditches  on  August  7,  11)00,  as  deter- 
mined by  S.  (i.  BtMuiett,  was  772  inches,  and  on  October  2,  1903.  as 
measured  by  W.  B.  (Mapp,  was  1,400  inches.  Otober  5,  1904,  Mr. 
Clapp  rcjiorlcd  !>7')  inches  at  tin*  In^adworks. 

ARROYO  DITCH. 

Tills  ditch  iak(\s  its  supj)ly  from  Rio  Hondo,  al)out  2  miles  below 
tlic  |>ass.  and  scmvcs  a  lar»xc  distri<'t  lyin^r  east  of  this  stream  and  west 
of  the  territory  supplied  by  the  Standefer  ditch  and  its  extensions. 

The  canal  was  built  in  \S{)\)  and  succeeded  an  earlier  crude  ditch 
which  was  n»ally  an  old  arroyo  into  which  water  had  been  diverted. 
The  title  is  inherited  from  the  riparian  ri<;hts  of  the  Rancho  Santa 
(icrtrudcs,  but  no  systematic  attempt  was  made  to  use  the  water  prior 
to  th(*  subdivision  and  sale  of  tlie  rancho  by  Governor  J.  G.  Dow^iey 
in  the  late*  sixties. 

In  ISS.')  the  irrii^ators  organized  the  Arroyo  Ditch  and  Water  Com- 
pany, which  was  in(H)r})orated  with  a  capital  stock  of  822.500.  Before 
this  time  more  or  less  indefinite  attempts  at  organization  had  been 
made,  but  they  were  only  partially  successfid.  Indeed,  about  fifteen 
irrigators  owning  lands  near  the  head  of  the  ditch  fimilly  refused  to 
join  in  the  incorporation,  but  successfully  defended  their  right  to  the 
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us(»  of  their  proportion  of  the  water.  At  this  time  there  was  much 
internal  dissension  among  the  various  irrigators  supplied  by  it. 

Ttie  total  length  of  the  main  line  from  the  intake  below  the  pass  to 
the  termiims,  U  miles  south  of  Downey,  is  about  7  miles;  the  Sand- 
ridge  brancli,  which  loaves  the  main  ditch  at  the  crossing  of  the  Santa 
Fe  Railroad,  is  about  4  miles  long. 

In  ISSS  the  ditch  was  reported  to  have  a  minimum  supply  of  about 
1,200  inches,  and  to  serve  about  3,800  acres.  The  acreage  supplied 
by  it  lias  varied  but  little,  being  about  4,000  in  1871  and  in  1903. 
The  flow  of  Rio  Hondo  at  the  Mission  bridge,  all  of  which  is  diverted 
below  into  the  Arroyo  <litch,  is  reported  by  W.  B.  Ciapp  as  follows: 

Flow  of  Arroijo  ditch,  California. 

Second-foot. 

Au^isl .  1  <KX) 23.  1 8 

fkto])or,  VMi 29 

OctolKT,  11)04 22. 19 

SAN  ANTONIO  DITCH. 

This  ditch  is  supposed  to  s(»rve  a  few  hundred  acres  lying  w^est  of 
Rio  Hondo  and  midway  between  the  Southern  Pacific  and  Santa  Fe 
railroads.  It  uses  the  upper  jiart  of  the  Arroyo  ditch,  and  later 
delivers  135  inches  of  water  to  the  (iage  ditch.  It  is  of  sand  and  earth 
construction  throughout,  is  poorly  cared  for,  and  choked  with  weeds, 
so  that  little  or  no  water  is  actually  delivered  to  the  lands  served. 

The  water  at  the  head  of  the  Arroyo  ditch  was  originally  divided 
equally  between  that  ditch  on  the  one  hand  and  the  San  Antonio  and 
the  Foster,  or  (lage,  ditches  on  the  other,  the  right  of  the  Foster  to 
135  inches  being  acknowledged. 

The  Arroyo  Ditch  Company  at  an  early  day  improved  the  upper 
part  of  its  canal  and  thereby  eirected  a  saving  of  100  inches.  As  the 
San  Ant(mio  Ditcii  Company  declined  to  sliare  in  the  cost  of  this 
improvement,  the  water  saved  went  to  the  Arroyo  ditch  in  accordance 
with  the  terms  of  an  agreement  entered  hito  in  18S5.  Recently 
further  improvements  have  resulted  in  an  additional  savuig,  also 
claimed  by  tiie  Arroyo  Ditch  Company,  which  has  borne  the  expense 
of  the  improvements. 

The  title  to  tiiis  last  increment,  however,  is  not  admitted  by  the 
San  Antonio  Company,  and  the  matter  is  not  as  yet  iinally  settled. 

The  basis  of  division  now  is  this:  The  first  100  inches  belongs  with- 
out dispute  to  the  Arroyo  Ditch  Company,  and  the  first  235  inches  is 
claimed  by  them.  The  nMiiainder  is  divided  e(iually  between  the 
San  Antonio  and  the  (lage  ditches  on  the  one  hand  ami  the  Arroyo 
ditch  on  the  otiier.  Of  tiie  lirsl  })art  135  inches  is  assigned  to  the 
Gage  ditch.  The  pint  rcMnaining  nUvv  tiiis  is  taken  out  l)elongs  to  the 
San  Antonio  ditcii,  l)ut  as  it  Hows  for  *J  miles  through  the  sandy  bed  of 
Rio  Hondo  a  large  part  of  it  seeps  away  and  is  lost. 
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OTHER  DISTRIBUTING  SYSTEMS. 

Ill  addition  to  these  principal  ditches  which  liave  been  mentioned, 
the  Little  Lake  ditch,  the  Section  Line  ditch,  the  Agricultural  ditch, 
and  the  New  River  ditch  represent  lower  diversions  from  the  San 
Gabriel,  which  receive  such  excess  as  may  be  left  after  the  older  rights 
are  satisfied.     Their  supplies  are  received  cliiefly  in  the  winter  season. 

The  town  of  Whit  tier  secures  its  (h>inestic  supj)ly  from  two  wells 
just  east  of  San  Gabriel  River,  on  the  Wliittier-Los  Angeles  road. 
The  water  is  pumped  from  these  wells  into  a  reservoir  on  a  knoll  above 
the  village,  whence  it  is  distributed  by  gravity. 

Long  Beach  and  Los  Alamitos  Beach  are  suppUed  by  flowing  wells 
in  the  artesian  basin,  north  of  Signal  Hill. 

Part  of  the  I^ng  Beach  supply  reaches  the  town  by  gravity  from 
the  vicinity  of  Bixby  station;  another  portion  (lows  uito  a  reservoir 
and  is  pumped  thence  into  higher  reservoii*s  on  Signal  Hill,  whence  it 
is  distributed.  This  latter  plan  is  followed  by  the  Alamitos  Beach 
Water  Company. 

Another  important  line  not  yet  mentioned  is  that  owned  by  the 
East  Whittier  Water  Company.  The  water  supply  in  this  case  is  not 
secured  from  the  water-bearing  lands  of  the  coastal  plain  but  from  the 
San  Gabriel  Valley,  north  of  the  Pasode  Bartolo,  near  Woyden  Station, 
on  the  Southern  Pacific.  A  well-equipped  air-pumping  plant  has  been 
installed  here  and  coupled  with  a  number  of  wells.  The  water  thu 
developed  is  conveye<l  by  flume,  covered  ditch,  and  cement  and  steel 
pipe  lines  to  the  lands  served  in  the  East  Whittier  and  La  Habra 
districts.  This  system  of  covered  and  lined  canals  throughout  is  an 
exaniph*  of  a  modern  np-to-dato  distrihuling  plant. 

I)UAINA<iK    DIsriMC  T. 

In  Watcr-Supj)ly  Paper  Xo.  i;>7,  on  llic  underground  waters  of  the 
cast  (Mil  coast  al  plain  rc^rion,  the  Holsa  and  the  Willows  drainage* 
<listiicts  of  the  \)0i{\  lands  of  Orange  Connty  have  been  briefly  de- 
scriix'd.  Tiie  «:reatcr  part  of  the  older  of  these  two  districts,  the 
Bolsa,  is  on  tlu*  Las  Boisas  (piadrangle.  Its  outlines  are  sliown  on 
PI.  H. 

T\w  earliest  ditch  in  this  district  is  reported  hy  Mr.  W.  B.  Lamb  to 
ha\  (*  l)e<'n  dug  twenty  or  thirty  years  ago  hy  the  St(^arns  Kancho  Com- 
j)any.  Later  the  county  improved  and  extended  this  original  ditch, 
and  linally,  in  \S\)\),  the  Bolsa  drainage  district  was  organized  under  a 
Stat(*  law  passed  two  years  before. 

I'nder  this  law  three  commissioners  were  (^lected  especially  to  make 
a  levy  upon  the  district  for  the  maintenance  and  extension  of  the 
ditch.  These  commissionei*s  levied  $15, 000  for  the  expenses  of  the 
first  ten  yeai*s,  but  the  amount  will  not  prove  sufhcient,  and  an  addi- 
tional levy  is  expected  within  a  year  or  two.     The  ex})enditures  (»ach 
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year  are  determined  by  a  board  of  three  directors  elected  to  serve  two 
years.  They  decide  year  by  year  the  amount  of  the  origmal  levy  that 
is  to  be  expended.  When  this  annual  levy  has  been  determined,  it  is 
collected  by  the  county  from  the  landowners  within  the  districts,  and 
the  expenditures  are  then  paid  by  warrants  drawn  upon  the  county 
treasurer. 

About  15  miles  of  ditch  are  reported  within  the  district,  and  the 
annual  maintenance  charges,  exclusive  of  new  construction,  are  given 
as  about  $1 ,000.  Several  miles  of  private  drain  have  been  put  in,  \^Hth 
outlets  in  the  main  ditches.  The  land  has  thus  been  greatly  improved, 
until  now  the  district  contains  some  of  the  most  valuable  of  the 
famous  Orange  County  peat  lands. 

UNDKUGUOl'ND   WATER. 

SOURCES. 

The  chief  supply  for  the  underground  as  well  as  for  the  siu^ace 
waters  of  the*  Downey  and  Las  Bolsas  quadrangles  comes  from 
Los  Angeles  and  San  Gabriel  rivers,  both  of  which  flow  across  the 
Downey  quadrangle :  another  portion  of  it  is  probably  furnished  by 
Santa  Ana  River,  whose  surface  channel  lies  entirely  to  the  east 
of  this  area,  but  whose  percolating  subsurface  waters  may  contribute 
to  the  underground  sup[)ly  in  the  Las  Bolsas  quadrangle  and  in  the 
southeastern  part  of  the  Downey  quadrangle.  An  unknown,  but  no 
doubt  minor,  amount  Ls  contributed  by  the  summer  underflow  of  these 
streams,  and  that  i)urt  of  the  surface  flow  that  is  not  lost  by  direct 
evaporation  or  by  transpiration  through  the  plants,  in  the  process  of 
irrigation  for  which  it  is  all  utilized,  also  becomes  available.  This 
proportion  of  return  water  must  vary  greatly  with  locality,  soil,  and 
manner  of  irrigation.  On  tlic  mesa  lands,  whose  soils  are  warm  and 
dry  and  are  often  inuh^rhiin  by  an  impervious  hardpan,  and  whose 
water  sui)ply  is  expensive  and  never  used  in  excess,  the  proportion  of 
return  waters  must  necessarily  be  small.  On  the  other  hand,  on  the 
sandy  lands  l)etween  San  (lal)riel  River  and  Rio  Hondo,  where  water 
is  applied  in  abundance,  sometimes  in  excess,  upon  a  sandy  absorp- 
tive soil,  the  return  must  Ix*  large:  here  it  is  probably  much  more  than 
the  .'50  per  cent  which  is  often  assumed  as  the  proportion  of  retuni 
waters.  A  third  minor  source  of  supply  is  the  light  surface  and  sub- 
surface drainage  froui  the  a(ljac(Mil  slopes  of  the  Puente  Hills.  This 
yields  a  relatively  small  amount.  The  winter  season  is  the  period  of 
most  effective  restoration  of  the  subterranean  su})ply.  The  direct 
rainfall  U})()n  the  coastal  })laiii  averages  appro.ximately  12  inches, 
almost  all  of  which  falls  al  that  time:  but  the  most  important  sources 
are  the  Hood  waters  of  the  streams  and  the  usual  normal  winter  flow, 
a  smaller  j)rop()rti()n  of  which  is  utilized  for  irrigation  when  the  rahis 
reduce  the  necessitv  for  th(»  latter. 
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As  these  flood  waters  pass  over  the  sandy  washes  they  are  absorbed 
rapidly  and  are  thus  added  to  the  underground  stores.     A  proportioii- 
of  the  greater  floods  often  escapes  absorption  by  reachmg  the  sea  over* 
the  surface.     It  is  thus  wholly  lost. 

In  considering  the  sources  of  these  underground  waters  there  may^ 
be  dismissed  at  once  the  suggestion  that  the  sea  water,  by  some  great 
extension  of  the  power  of  capillarity,  is  drawn  inland  and  freed  of 
its  salt,  or  that  a  portion  of  the  waters  of  Colorado  River,  or  some 
equally  distant  stream,  flows  in  an  underground  channel  through  the 
great  intervening  mountain  barriers.  These  theories  have  no  basis 
in  fact,  and  are  generally  expressions  of  wishes  rather  than  of  sober 
beUef. 

DISTRIBUTION  OF  UNDERGROUND  WATER. 

Since  the  coastal  plain  is  underlain  by  irregular  sheets  of  more 
and  less  pervious  material — gravels,  sands,  and  clays — which  slope 
gently  toward  the  sea  and  increase  in  coarseness  inland,  the  under- 
ground waters  that  percolate^  seaward  along  the  coarser  beds  arc 
often  caught  beneath  a  less  pervious  layer  and  accumulate  pressure 
from  the  weight  of  the  water  behind  them.  A  bed  of  open  material 
may  wedge  out  seaward  between  impervious  strata,  or  may  abut 
against  an  earlier  ridge,  or  may,  with  the  beds  above  and  below  it, 
be  folded  into  an  anticline,  or  may  become  gradually  finer  and  less 
permeable  seaward,  so  that  the  escape  of  its  waters  in  that  direc- 
tion is  cut  off  or  rendered  less  eas}'  than  their  entry  farther  inland. 
Under  these  conditions,  whenever  the  overlying  confining  stratum 
is  penetrated  by  a  pipe  or  a  drill,  the  confined  waters  tend  to  rise 
to  the  level  of  their  source.  This  is  the  general  explanation  of  the 
artesian  conditions  which  exist  here. 

Since  the  percolating  waters  gravitate  seaward  and  the  finer  beds, 
which  are  as  essential  to  artesian  conditions  as  the  coai-ser,  occur 
more  often  along  the  lower  portion  of  a  stream's  course,  it  follows 
that  the  artesian  areas  are  in  the  lower  j)arts  of  a  basin  distant  from 
canyon  mouths,  where  only  comparatively  coarse  detritus  is  depos- 
ited. All  of  the  southern  California  streams  are  alternately  surface 
and  subterranean,  the  Santa  Ana,  San  Gabriel,  and  Los  Angeles 
each  disappearing  and  reappearing  several  times  between  the  moun- 
tains and  the  sea.  The  area  in  wliich  the  surface  channels,  during 
the  summer  seasons  at  least,  are  drv,  is  always  a  wide  valley  region: 
while  the  waters  (low  on  the  surface  either  in  canyons,  where  bed 
rock  is  near  tlie  surface,  or  in  ()})en  plains,  where  there  is  an  effective, 
if  inconspicuous,  obstruction  to  the  subsurface  circulation. 

Near  the  lower  edge  of  practically  every  lowland  in  the  valley  of 
southern  California  across  which  a  stream  flows  is  an  artesian  basin, 
large  or  small,  whose  existence  is  due  to  conditions  like  those  just 
outlined.     After  the  watei*s  escape  from   one   such   basin  and  flow 
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over  its  lower  rim,  the  conditions  are  duplicated  in  the  next  basin 
helow,  and  artesian  waters  are  again  found  there.  Thus,  the  waters 
of  the  Santa  Ana  first  pjiss  through  the  San  Bernardino  artesian  belt. 
They  escape  over  its  lower  rim,  the  **  Bunker  Hill  dike'*  above  Colton, 
and  again  sink  and  enter  the  small  and  unimportant  Riverside  basin. 
At  Riverside  Narrows  they  are  forced  out  by  the  proximity  of  bed 
rock,  flow  over  the  surface  through  the  lower  Santa  Ana  Canyon, 
and  finally  enter  the  coastal  plain  artesian  belt.  At  a  point  far- 
ther north  than  the  mouth  of  tlie  Santa  Ana,  where  a  wider  strip 
separates  the  lower  edge  of  the  coastal  plain  artesian  area  from  the 
Pacific,  waters  from  this  l)elt  again  occur  under  pressure  in  the  smaU 
Ballona  artesian  area  near  Playa  del  Rey  (PI.  I). 

Where  other  conditions,  such  as  amount  of  water  available,  are 
equal,  those  artesian  l)asins  whi(;h  exist  along  the  upper  portion  of  a 
stream,  though  smaller,  should  be  more  efficient  than  the  basins  lower 
down,  since  near  the  source  of  the  d6bris  the  water-bearing  strata  are 
usually  coai'ser  and  more  abundant.  Such  coarse  strata  yield  their 
water  more  readily,  giving  wells  of  greater  flow,  and  are  replenished 
more  quickly  after  exhaustion  because  they  absorb  flood  waters  with 
greater  rapidity.  At  such  a  higher  point,  however,  conditions  are 
less  favorable  for  the  widespread  deposition  of  the  fine,  relatively 
impervious  clays,  which  are  as  essential  as  the  coarser  beds  to  the 
existence  of  artesian  l)asins,  hence  the  higher  artesian  basins  are  apt 
to  be  less  extensive  than  those  farther  downstream,  although  they 
yield  water  more  readily  and  are  therefore  perhaps  more  likely  to  be 
exhausted  by  reckless  development. 

The  coastal  plain  artesian  basin  is  nmch  the  largest  of  a  number 
of  basins  which  occur  at  various  points  between  the  sources  and  the 
mouths  of  the  rivers  of  this  part  of  southern  Califomia.  It  is  in 
fact  a  union  of  the  lowest  basins  of  the  three  principal  streams  of 
this  part  of  the  State.  Its  area  at  present  (August,  1904)  is  about 
190  square  miles.  Originally  it  was  somewhat  less  than  300  square 
miles.  A  large  part,  l)()tli  of  the  present  and  of  the  original  coastal 
belt,  is  included  in  tlie  area  treated  in  this  report — the  Downey  and 
Las  Bolsas  quadrangles.  There  are  now  approximately  121  square 
miles  of  artesian  wator-l)earing  lands  in  this  area,  105  square  miles 
in  the  Downey  (|iia(lrangle,  and  10  square  miles  in  the  Las  Bolsas 
quadrangle  (PI.  IV). 

There  lias  l)een  no  decrease  in  the  artesian  area  in  the  Las  Bolsas 
quadrangle,  l)e('ause  it  lies  along  the  lower  edge  of  the  artesian  lands, 
the  last  j)orti()n  to  l)e  affected  by  dry  years  or  l)v  excessive  drafts. 
The  artesian  area  in  the  Downey  quadrangle  has  decreased  4o 
square  miles,  or  '^0  per  cent  from  the  original  150  square  miles. 
The  southwestern  seaward  edge  of  this  basin  is  marked  by  a  low, 
irregular  ridge,  whose  highest  point,  Los  Cerritos,  2\  miles  northeast 
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of  Long  Beach,  is  364  feet  above  sea  level.  Dominguez  Hill,  another 
prominent  point  west  of  the  channel  of  Los  Angeles  River,  has  an 
elevation  of  195  feet.  Toward  Huntington  Beach  the  ridge  is  lower 
and  indeed  is  entirely  cut  away  for  several  miles  by  the  outlets  of 
San  Gabriel  River,  Anaheim  Creek,  and  Bolsas  Creek,  so  that  along 
the  coast  between  Los  Alamitos  Beach  and  Huntington  Beach  only 
isolated  knobs,  like  Landing  Hill,  Bolsa  Chica,  and  Las  Bolsas  exist 
as  surface  expressions  of  the  underground  structure  that  acts  as  a 
barrier  to  the  subterranean  waters  in  their  slow  movement  seaward. 
Beyond  the  artesian  area,  both  north  and  south,  are  broad  belts 
in  which  the  water  is  not  under  suflicient  pressure  to  flow  but  is  near 
enough  to  the  surface  to  be  readily  available  for  pumping.  Such 
belts  include  areas  that  were  originalh^  artesian.  They  extend,  on 
the  one  hand,  to  the  base  of  the  I^ucnte  Hills  or  to  the  northern  edge 
of  the  Downey  quadrangle,  and  on  the  other,  practically  to  the 
shores  of  the  sea.  The  position  of  the  surface  of  the  zone  of  satura- 
tion throughout  the  areas  where  the  ground  water  is  important  as  a 
source  of  supply  is  shown  on  Pis.  I  and  IV  l)y  means  of  contoui's 
drawn  upon  that  surface  as  a  plane.  The  depth  to  the  ground-water 
level  at  any  point  may  be  determined  by  subtracting  the  altitude  of 
the  ground-water  level,  as  shown  by  the  hydrograj)hic  contours,  from 
the  altitude  of  the  surface,  as  shown  by  the  topographic  contours. 

DEVELOPMENT  OF  UNDERGROUND  WATER. 

In  the  Downey  quadrangle  there  are  more  than  3,000  wells,  all  of 
which  draw  to  a  greater  or  less  extent  on  the  underground  supplies. 
In  the  adjacent  Las  Bolsas  quadrangh'  there  are  300  wells.  ()f  this 
total  of  3,300,  175  are  equij)pe(l  with  pumping  plants  operated  by 
electricity,  steam,  or  gasoline.  These  plants  represent  an  investment 
of  about  $150,000,  and  the  wells  uj)on  which  the  pum])s  have  been 
installed  have  cost  about  S75,000;  tlie  puinj)e(l  wells  and  their  instal- 
lation, therefore,  represent  a  capital  of  $225,000. 

Of  the  3,300  wells,  about  1,035,  nearly  one-half,  were  artesian  in 
the  spring  of  1004,  and  their  estimated  cost  the  estimate  being 
based  on  reports  from  al)()Ut  SOO     was  .S4()0, ()()(). 

There  are  about  700  windmill  wells  in  the  area,  which,  with  the 
mills  with  which  they  are  equipped,  ]e|)resent  an  outlay  of  approxi- 
mately $200,000.  The  700  domestic  wells  that  make  up  the  balance 
of  the  3,300  must  l)ring  the  total  capital  invested  in  wells  and  equip- 
ment in  the  Downey  and  Las  Bolsas  (juadrangles  to  tlie  neighbor- 
hood of  $1,000,000.  This  is  independent  of  tlu*  money  invested  in 
ditches,  pipes,  or  other  devices  for  the  distribution  of  the  water  for 
irrigation. 
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Tlie  possible  yield  of  these  wells  is  very  large.  The  output  of  the 
pumping  plants  when  in  service,  based  upon  the  measured  or  reported 
yield  of  five-sixths  of  their  number,  is  265  second-feet.  The  flow 
from  6S5  of  the  1  ,G3o  artesian  wells  is  over  200  second-feet,  an  average 
of  about  15  miner's  inches  to  each  well.  If  this  average  is  main- 
tained by  each  of  the  1,635  wells,  the  total  yield  approaches  5CX) 
second-feet,  and  the  combined  capacity  of  the  pumping  plants  and 
artesian  wells  exceeds  750  second-feet,  or  37,500  miner's  inches.  It 
is  (liflicult  to  estimate  how  much  of  this  yield  is  actually  used.  The 
pumping  season  varies  from  fifty  to  one  hundred  and  twenty-five 
days  usually.  As  artesian  water  is  cheaper  than  pumped  water  it 
is  used  more  freely,  and  many  wells  flow  unchecked  throughout  the 
3'ear.  Othci-s  are  open  only  during  the  actual  irrigating  season.  On 
the  whole  it  is  considered  cons(»rvative  to  estimate  that  the  yield  of 
750  second-feet  is  maintained  for  two  or  three  months  of  the  twelve, 
equivalent  to  a  continuous  withdrawal  of  developed  water  amount- 
ing to  from  125  to  200  second-feet  throughout  the  year  from  the  268 
scpiare  miles  of  the  (U)astal  plain  which  are  included  in  the  Downey 
and  Las  Bolsas  quadrangles. 

EFFECTS  OF  DEVELOPMENT  OF  UNDERGROUND  WATERS. 

This  development,  which  began  in  a  small  way  forty  years  ago  and 
has  con'tinued  at  an  accelerating  rate  since,  the  increase  in  the  number 
and  aggregate  yield  of  wells  having  been  particularly  marked  durii)g 
the  last  decade,  must  inevitably  affect  the  quantity  of  water  in  the 
underground  reservoir  from  which  the  wells  draw. 

Befi)r(»  development  began  the  outlines  of  the  artesian  basin  and 
the  ground-watei"  lev(»l  expressed  a  condition  of  balance  between  the 
supply  and  the  natural  drainage  at  that  time.  With  any  marked 
increase  in  supply,  such  as  may  have  been  brought  about  by  a  seiies 
of  years  of  excessive  rainfall,  the  ground-water  level  would  rise, 
increasing  the  flow  from  all  sources  fed  by  it,  and  the  artesian  area 
would  expand  and  pressure  within  it  would  increase,  thus  increasingthe 
yield  of  t  hose  springs  and  streams  whose  sources  were  artesian  waters, 
until  this  increasinl  discharge  balanced  the  temporarily  increased  sup- 
ply, and  a  condition  of  stability  resulted.  Similarly,  during  a  series 
of  dry  years  the  ground-water  level  fell  and  the  artesian  area  con- 
tracted, until  drainage*  declined  to  an  eciuality  with  the  ileci'eased 
supply.  Thus  ground-water  levels  and  artesian  areas  varied  within 
certain  limits  previous  to  the  change  in  conditions  brought  about  by 
developnicMit.  But  with  the  appearance  of  man  uj)()n  the  scene,  dis- 
turbing cIcnuMits  were  introduced.  The  first  change  in  natural  con- 
ditions consisted  of    the  diversion  of    the  normal   summer  flow  of 
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streams,  which  before  the  diversion  sank  and  added  their  volume  to 
the  stored  subsurface  waters.  A  part  of  this  flow,  it  is  true,  was 
added  to  the  underground  supply  after  diversion  in  the  form  of 
return  waters  from  irrigation,  but  the  amount  thus  added,  while  a  vari- 
able proportion  of  the  ori^nal,  is  always  distinctly  a  minor  part  of 
it.  It  may  be  rouiijhly  estimated  to  run  from  5  to  50  per  cent  of  the 
whole.  Thus  the  supply  was  sensibly  diminished.  Meanwhile,  the 
boring  of  numerous  wells  in  the  artesian  area  increased  the  freedom 
of  drainage.  This  factor  at  a  later  stage  of  development  was  ren- 
dered more  important  by  the  installation  of  pumping  plants  outside 
of  the  artesian  belt.  The  water  secured  by  these  means,  like  that 
secured  by  stream  diversion,  was  largely  used  for  irrigation  and  a  j>or- 
tion  of  it  thus  returned  to  augment  the  ground-water  supply.  Yet 
transpiration  through  the  plants  and  evaporation  in  the  ditches,  and 
especially  from  the  soil  surface  in  the  process  of  irrigation,  dissipates 
the  greater  part  of  the  water  thus  applied. 

These  two  disturbing  elements  the  decrease  of  supply  and  the 
increase  of  drainage  through  development-  nuist  destroy  the  balance 
reached  before  they  were  introduced,  and  bring  about  a  readjust- 
ment of  the  ground-water  level  and  a  rearrangement  of  the  outlines 
of  the  artesian  areas.  Since  they  both  operate  in  one  direction, 
namely,  to  lessen  the  amount  of  ground  water,  the  readjusted  water 
level  nmst  stand  at  a  lower  point  t  lian  the  original  level,  and  Jthe  new 
outlines  of  the  artesian  area  must  be  within  the  original  outlines. 

PERMANENCE  OF  UNDERGROUND-WATER  SUPPLY. 

The  entire  coastal  plain,  underlain  everywhere  l)y  saturated  sands, 
gravels,  and  clays,  has  an  extent  of  77')  scjuan^  miles.  Under  about 
one-fourth  of  this  area  the  waters  are  undcM*  |)ressure  and  are  artesian. 
The  thickness  of  these  saturated  gravels  is  unknown,  but  wells  more 
ihan  1,800  feet  deep  near  the  inner  edge  of  the  plain  fail  to  reach  bed 
rock.  It  is  safe  to  say  that  over  much  of  the  area  their  thickness 
must  be  expressed  in  thousands  rather  than  in  hundreds  of  feet. 
There  can  be  no  doubt  that  practically  all  of  this  mass  is  saturated, 
so  that  the  total  amount  of  water  whicli  exists  there  is  enormous. 
Its  sole  soui'ce  is  the  rainfall  within  the  drainage  basins  tributary  to 
the  coastal  |)lain,  but  tlie  gravels  lluMUselves  and  the  water  satu- 
rating I  hem  have  aecunuilated  during  long  periods,  and  since  the 
waters  always  have  been  sup|)li(Ml  much  more  rapidly  than  the  grav- 
els I  hey  Miovt*  slowly  through  as  well  as  over  these  from  an  intake 
along  the  inner  edge  of  the  coastal  plain  and  along  the  washes  of 
the  streams  to  an  outlet  at  a  lower  point  nearer  the  coast.  The 
underground  waters  then  are  not  in  any  sense  lake-like;  they  simply 
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fill  the  voids  in  the  g^raveLs,  sands,  and  clays,  and  move  at  varying 
rates  through  these  voids,  under  the  impulse  of  gravity  and  pres- 
sure* from  a  constant  if  varying  supply  received  chiefly  at  the  inner 
edge  of  the  plain.  This  continuous  movement  seaward  checks  any  i 
tendency  of  the  sea  water  to  move  inland.  It  is  indeed  so  com-  I 
pletely  paramount  that  it  Ls  probable  that  wells  sunk  mto  the  sea 
floor,  at  short  distances  off  the  coast,  would  at  many  points  yield 
fresh  water,  and  probably  fresh-water  springs  discharge  into  the  sea 
at  numerous  localities. 

While  the  total  amount  of  water  underlying  the  coastal  plain  then  / 
is  large,  only  a  small  portion  of  it  can  be  made  available  for  purposes  ' 
of  irrigation.  Only  that  part  which  is  sufficiently  near  to  the  surface 
to  pump  at  a  profit,  say  within  250  feet,  or  which,  although  found  at  a 
greater  depth,  will  rise  under  artesian  pressure  to  or  near  to  the  sur-  . 
face,  can  be  utilized.  Obviously  this  useful  surface  zone  is  most 
sensitive  to  diversions  of  the  supply,  or  to  any  of  the  forms  of  dram- 
age  which  are  included  in  the  general  term  'development.'*  No 
matter  from  what  part  of  a  reservoir  the  water  may  be  drawn,  the 
surface  will  be  lowered;  hence  the  fact  that  an  enormous  quantity 
of  water  is  stored  beneath  the  coastal  plain  has  no  particular  bearing 
upon  the  practical  aspects  of  the  case.  The  amount  of  water  within 
reach  and  the  rate  of  its  withdrawal  and  replenishment,  not  the  total 
amount  existing,  are  of  moment  to  the  water  user.  Thus  in  this 
discussion  the  exhaustion  of  the  underground  supplies  means  the  low- 
ering of  the  water  level  until  the  cost  of  pumping  absorbs  all  the 
profits  from  the  crops  raised  and  so  l)ecomes  prohibitive. 

With  the  original  giound-water  level  and  the  original  outlines  of 
the  artesian  basin  in  the  Downey  and  Las  Bolsas  quadrangles,  there 
was  but  little  if  any  of  the  valley  or  mesa  land  which  did  not  have 
water  within  easy  reach.  With  the  shrinkage  of  the  artesian  belt, 
a  broad  zone  along  tlie  north  edge  of  the  Downey  quadrangle  in 
which  water  originally  flowed,  was  thrown  into  the  pumping  zone. 
Water  here  now  has  to  he  lifted  and  there  is  a  tendency  to  complain 
because  of  the  IncreaseMl  cost  and  trouble  of  this  method.  The 
general  effect  is  excellent,  however,  because  there  are  few  artesian 
wells  which  are  not  misused.  This  cheap  form  of  water  induces  care- 
lessness, almost  invariably  more  water  is  aj)plie(l  than  is  needed, 
and  the  result  is  not  only  a  loss  of  water  but  injury  to  the  land. 
With  the  more  costly  jniniped  water,  greater  care  is  exercised  in  its 
aj)pUcation.  It  in»y  he  stated,  then,  that  throughout  the  zone  origi- 
nally artesian,  hut  no  longer  so.  a  marked  saving  has  been  (effected 
in  the  amount  of  water  used,  even  where  the  acreage  under  irrigation 
has  not  diminished. 
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The  rate  of  the  general  lowering  of  the  water  plane  throughout  the 
central  coastal  plain  belt  and  the  accompanying  contraction  of  the 
artesian  area  have  of  course  been  accelerated  by  the  series  of  dry 
years  from  1S93  to  1900,  and  by  the  moderate  rainfall  slightly  below 
the  average  since.  In  consideration  of  the  fact  that  all  of  the 
changes  in  natural  conditions  which  are  due  to  man's  use  of  water 
have  temled  to  reduce  the  supply  and  so  to  disturb  the  balance,  of 
which  the  original  artesian  outlines  and  the  original  ground-water 
level  were  the  expression,  it  must  be  concluded  that  a  part  at  least  of 
this  lowering  and  contraction  is  due  to  development  and  is  per- 
manent. 

Furthermore,  so  long  as  the  new  developments  result  in  adding  to 
the  amount  of  water  produced  in  a  given  area,  the  decline  must  con- 
tinue. With  the  decline,  springs  decrease  in  yield  or  cease  to  flow, 
artesian  wells  fall  off  in  output,  and  pumping  plants  are  used  more 
sparingly,  because  the  water  has  become  more  expensive,  so  that 
finally  the  decrease  in  the  amount  of  water  secured  by  these  means 
reduces  the  output  to  an  equality  with  the  supply.  Then  a  new 
balance  is  reached,  and  the  water  level  no  longer  falls.  The  point 
at  which  this  new  balance  is  reached  depends  uj)on  (he  amount  of 
development.  The  greater  this  amount  the  lower  the  water  level 
will  fall. 

The  rate  of  this  lowering,  even  under  the  influence  of  the  great 
development  wliich  has  taken  place  in  the  c()a.»4tal  plain,  especially 
within  the  last  <lecade,  has  been  very  slow,  even  during  the  dry  yeai-s, 
and  will  be  still  slower  during  yeai-s  of  average  rainfall,  because  the 
body  of  water  drawn  upon  is  sd  i^reat  and  the  accessions  from  floods 
and  icturii  waters  so  nearly  balance  tlu*  withdrawals.  It  will  not 
continue  indefinitely  if  develo|)inent  ceases  now,  IxH'ause  the  drafts 
dec!"cas(»  as  the  water  |)lan(*  l(>wers  and  tlu*  artesian  area  shrinks, 
and  |)r()l)ai)ly  in  |)art  because  with  tlu*  drainagt*  of  the  gravels  the 
al>.soi|)tive  ca|)acity  is  increased,  so  that  a  smaller  j)ro|)()rtion  of  the 
occasional  Moods  escapes  ovcm*  iheni  to  the  sea.  But  tlu*  shrinkage* 
which  is  now  in  |)ro*;ress  and  which  is  (*x|)ecte(l  to  continue  inter- 
mittently for  souK^  ycais.  heint:  interru|)tetl  by  |)eriods  of  ])artial 
restoration  (luiin»i:  winters  of  unusual  rainfall,  does  not  affect  all 
]>arts  of  the  coastal  plain  alike.  Always  those  |)arts  of  an  artesian 
belt  which  lie  near(\st  its  lower  edge  are  allected  last  and  least  by 
the  shrinkage.  \V(*lls  will  continue  to  (low  here  after  they  have 
ceas(Hl  elsewhere*,  and  pressures  will  be  maintained  here*  after  they 
have  s(M*iously  diminished  at  other  |)oints.  ft  is  probable  that  ui 
so  large  a  basin  as  that  of  the  coastal  plain  some  of  these  most 
favorablv  located  wells  will  never  cease  to  How. 
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The  favored  places  for  tapping  the  ordinary  ground  waters  are  not 
distributed  exactly  as  are  those  for  tapping  waters  under  pressure. 
Ground  water  will  always  be  found  near  the  surface,  just  above  the 
upper  e<lge  of  an  artesian  area,  but  in  addition  it  is  not  infrequently 
found  within  easy  reach  near  the  source  of  supply  for  a  basin,  as 
just  below  the  Paso  de  Bartolo,  while  the  decline  is  greatest  in  some 
intermediate  region.  If  ground  water  remains  close  to  the  surface 
near  the  intake  of  a  basin,  while  its  levels  are  generally  lower  in  other 
localities,  it  is  because  there  is  some  obstruction  below  the  body  of 
ground  water  wliich  holds  up  the  percolating  moisture  for  a  time. 
Sucli  an  obstruction  may  be  a  bed-rock  shelf,  extending  out  from 
Tiear-by  bed-rock  hills,  or  it  may  be  only  a  body  of  fine  clay  or  dense 
alluvium. 

Declines  will  Hkewise  be  greater  in  the  immediate  vicinity  of 
developments,  unless  those  developments  are  along  a  line  of  strong 
underground  flowage,  in  which  case  the  effect  of  intercepting  this 
flowage  may  be  more  marked  at  some  point  below,  which  is  sup^ 
plied  by  it,  than  in  the  immediate  neighborhood  of  the  intercepting 
wells.  In  the  relatively  fine  sands  and  gravels  of  the  coastal  plain, 
however,  through  which  the  water  probably  percolates  ordinarily 
at  a  rate  of  less  than  25  feet  per  day,  the  effect  of  a  battery  of  pumps 
must  be  to  draw  out  the  near-by  water  more  rapidly  than  it  is  replaced 
by  the  slow  in  How  And  thus  to  lower  the  water  plane  locally  to  a 
marked  degree.  With  the  cessation  of  pumping,  this  zone  is  filled 
again  bv  infiltration  from  the  surrounding  saturated  gravels,  the 
effect  being  finally  to  sj)rea(l  the  depression  in  the  water  plane  over 
an  area  so  wide  that  it  is  no  longer  mea^surable. 

A  contirnious  series  of  obsenations  upon  the  fluctuations  in  the 
ground-water  l(»vcl  has  not  been  maintained  at  any  point  in  the  area 
under  discussion,  but  at  Anaheim,  a  few  miles  east,  systematic 
records  have  been  kept  since  February,  1808,  by  Mr.  J.  B.  Neff. 
These  are  of  great  value  for  comparison  with  rainfall  records,  and 
when  so  compared  throw  much  light  upon  the  relative  miportance 
of  development  and  drought  in  bringing  about  the  decline  in  water 
levels  which  has  becMi  so  generally  observed  throughout  southern 
California  during  the  past  decade. 
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RmnfAUj  in  hwhfft.  at  San  Htrnardino,  Cal. 

Vo«r.  July.   Auk-    Sopt.   (h't.    Nov.    I)c<'.    Jmh.    tVh.    Mar.    .\i)r.   Mny.  June.  Total. 

|M7(>  71 0.(«  O.W  0.(K2  O.W  :M1  (».W  C.**!  2.21  0.10  O.W  0.11  0.07  13.  W 

1K71  ?J («)  .(M  .l.'i  .8«»  I     .SS  ;MU  .U)  2.JI)  .37  .79  .08  .00  S.98 

1K72  73 «I0  .IK  .(>!  .<IO'l.l7  4.40  li.riO  1.2.1  .51  .84  .21  .00  15.10 

IH73  74 IK)  l.Ort  .(fi  .01  .74  .-1.7:*  .'...'il  S.7fi  I.W  .48  ,42  .00  21.SI 

IK7I  7.'i «m  .(M)  .(«  I.S2  l.NS  2.2<»  7.20  .  l.'i  .22  .07  .05  .00  13.65 

lK7.'i  7fi 00  .00  .it)  .l»\  7..'W»  .<r2  fi..V>  I.«r2  :5. 41  .14  .08  .03  19.90 

IK7fl  77 Oil  .110  .0J»  .J)  .  »0  .(W)  3..*iO  1.(tt  .S3  .36  .30  .00  «>.52 

1H77  7K (X)  .00  .00  .Wi  ..'lO  .{.0.-.  3.:W  r».»VS  2..>7  1.71  .66  .07  3). 33 

1H7K  70 07  .00  .02  .11  .Ol*>  4.70  :i..V.J  I.K»  ..H)  1.20"  .24  .03  11. .VI 

IK7?»  HO 11  .02  .01  .«M  3.40  fi..-iO  I..-|«»  \.Xi  1.45  5.00  .01  .W  20.:i6 

ISM)  hi 00  .01)  .00  .11  .07  S.M)  1.41)  .:«'.  I. Oil  .46,  .01  .00  13.50 

1«HI  K2 or)  .00  .IK)  .NO  .27  .."lO  1. 11  2.Im  3.:«)  2.01  .00  .00  11.54 

1KH2  «3 IK)  .(K)  .IK)  .10  .15  .45  I. IK)  1.10  2.  S2  2.05  .(K)  .00  9.17 

IWCi  H4 10  .IK)  .5i  .S.'>  .09  J.lV'i  l.lvi  12. 2«)  0. «.»."»  .5.68  3.17  .59    .    37.51 

I  KM  I  85 (K)  .(K)  .IK)  .IK)  .11  3.75  2.79  .11  .2S  l.W  l.fif)  .19  10.  Ml 

1MS.'»  K« IK)  .IK)  .IK)  .:«»  4.:U>  1.21)  6.34  2.52  J.  I><  2.:«  .32  .16  21.J<1 

1KM6  87 IK)  .IK)  .IK),  .00  .11  .HI  .,'«)  6.41  1.41  1.90  .42  .'22  14..5II 

IHK7  88 II  .01  .09  1.17  2.29  1.91  4.01  3.60  3.41  ..V*  .52  .03  17.76 

IMSK  80 (K)  .IK)  .IK)  .05  4.12  I.W  .9:*  l.."»0  6..V>  2.0.*»  1.13  .W»  I     20.97 

IKMi)  90 17  .6;i  .11   '  2.:*)  2.2:i  lO.M.'i  5.44  2.52  .SO  .IK)  .31  _     .(K)  2.'>.45 

IHJK)  91 i;{  2.16  .SS  I  ..-»S  1.27  .'{.irj  .IK)  7.7S  .(K)  ■     .'H  1.67  .IK)  is.OS 

IMIH  92 (K)  .91  .«.«  Tr.  Tr.  1.67,3.24  3.  .JO  1.75  ..17  2.10  .08  ll.:« 

1802  91 IK)  .IK)  .IK)  .16  1.02  2.'2:{  l..Vi  .{.:{7  S.OO  .48  .113  .00  19.  S2 

IKlKi  91 •^)  .(Ki  .0;-»  1.05  . :«)  2. 2S  1.21'.  .  XS  1.15  .40  .56  .00  S.  i:j 

18S»4  9'. IN)  .If.  .37  .15  .IK)  7.i".  7.:fl)  1.11  3.  H  .l>4  .44  .00  20.?»S 

1895  ?»« I                              JKI  .IK)  .IK)  .(K)  1.  M  .M  J.irj  .(W)  2.92  .37  1.00  .00  Vll 

ls«Ki  117.                              Tr.  .17  .IK)  J.  10  .OS  l.<n)  ;i.40  5.  M)  3.41  .08  .11  .00  16.74 

IV)7  'IS     .                          !>.  .<N»  .  I.i  2.10  .21  .57  2.10  .60  .97  .48  1.08  .00  S.24 

IV»s  '^^                        .      JK»  .i»)  .IN)  .(tl  .a-,  .11  J.cti  .51  3.22  .07  .19  .95  7.49 

IV*-*   I'.NK» *NI  Tr.  .«M  .s|  1.17  .M  .'.L'  .(M>  .92  1.96    .1.71  AH.)  S.6-1 

I'HK)  I'.Hii                        ..:i  (Ml  _•;  ,.\t\  i\,w  .m  :{.  is  l..".s  .  |;{  ..Vi  l.2:i  .(15  \7.M\ 

r.i'i  •-•                          .fxi  jv  .'i;  !.!*:»  .j^  .»m  i. »'..">  .ml'  .':..'^.»  .''7  .12  .15  11. 15 

l'»<>.'   :                              .ic  <«!  iKi  If.  i.'ij  i.'H  i.'rt-,  !  c:  »..  17  :;.  Id  .ji  .(m  17.  j-j 

I'Hi;  I       ...                     .Ki  r,  |i,  .1.7  .IN)  .(Ni  .Is  j.ji  .■■.:;i  .  m>  .  ui  ,[X)  «.».:!7 

Avj-i'Mp',  I  liirl  \-ruiii   \f;ii-.  l.").():»  iiicIm'--. 

Since  tlu'  laiiiljill  wliich  i.s  most  ('(licitMit  in  su|)|)]yin»r  tlio  surface 
and  suh.Nurracc  waters  of  the  coastal  plain  i^  that  wliich  falls  in  the 
mountains  in  wliicli  Los  AiiLreles.  San  (lahriel.  and  Santa  Ana  rivers 
rise,  the  Los  Anireh's  and  the  San  Bernardino  rainfall  charts  are  of 
more  vahie  for  I)llrI)o.«^es  of  comj)ari^on  with  tlie  j)rofil(^  of  the  water 
l(*vel  than  the  Anaheim  record,  which  indicates  coastal  conditions. 

Kach  of  these  records  shows  that  durini:  the  j)ast  eleven  rainy 
seasons  there  has  heen  a  marked  deliciency.  For  seven  of  the 
eleviMi  this  deliciency  a^^^repitivs  al)()ut  .VJ  inchivs  at    Los  An^reles  and 
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about  45  inches  at  Sail  Bernardino,  while  the  other  four  years  give 
excessive  precipitations  of  12  inches  at  San  Bernardino  and  7  inches 


lc>Ctltt 

■"■ 

?2 
Zl 
30 

le 

J7 
13 

pi 
n 

3 

f 

1 

^ 

1 

ta 

^ 

■ 

1 

1 

ll 

■ 

I     ■ 

■ 

■■=■=■ 

_ 

1  ■■!  ■  I 

Ipb^ 

■  ^^  ■  li  ■ 

1  ■ 

inches  ^^H       H 

HP=I 

■ 

m 

ftVH 

7 
6 

^      ■ 

H 

B 

1 

=1 

■  ■~l 

■ 

iT 

1       T 

OS 

4^ 

CO* 

i. 

CD* 

'-J 

DO 

o 

is' 

Iff 

u 

13* 

-si 

to- 

o 

o 
6' 

9^ 
o 

o 

ijyi 

Til.  2. — Chart  sliDwin^'  dojiMrtums  from  Mvonieo  rainfall  at  San  Bernardino,  Cal.     «  Avorajre  for  34 

Visits  ( !.'».(>«»  iiiclii>si. 

at  Los  An^olos.     TIk*  avorajrc*  doficicMirv  during  (lie  poriod,  there- 
fore, has  been  about  2f)  per  cent  at  Los  Anj^eles,  20  per  cent  at  San 
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BernHrdino,  and  1 1  per  cent  at  Analioim.  So  marked  a  falling  oflF 
in  rainfall  is  in  itself  suflicient  to  account  for  much  shrinkage  in 
the  ground  waters,  hence  a  general  decline  in  water  levels  is  not 
surprising. 

Rainfall,  in  inches,  at  Lou  Angelea,  Cal. 

Year  July.   Aug    ^*t'pt.    *><'t.    Nov.    1>chv     Jan.    Feb.    Mar.    Apr.  I  May.  June.   Total 

1877-78 0.(10  0.(K)  0.00  O.Wi  0.4.')  3.93     3.:«  7.<W  2.57     1.71     O.fift  0.07  21.2»i 

lH7H-7«.» -OO  Tr.  .00  .14  Tr.  4.70     3..W  .97  .49     1.19'    .24  .03  II. .« 

1879-80 00  At)  .Or>  .gci  3.44  a.:^  .  1.3.1  1..W  1.4r»     5.0«       .04  .00  20.34 

lHHO-81 Tr.  Tr.  .(K»  .14  .67  8.40     1.43  ..3«  I.ftl       .46       .01,  .00  13.13 

1881-W 00  Tr.  I  Tr.  .82  .27  .."i2     1. 01  2.(i6  2.6fi     1.83*    .63  Tr.  10.40 

1882-83 00  .00'  Tr.  .O^  l.s2  .08      I.(i2  3.47  2.87       .  i:>     2.02  .03  12.11 

1883-W Tr.  .00  .00  1.42  .(K)  i.rjrt     3.  i:>    13.37  12.:>6     3.54       .34  1.39  3S.  i:i 

18W-85 Tr.  Tr.  ,  Tr.  .:«)  1.0«  4.64     l.a=>  Tr.  .01     2,00       .06  Tr.         9.12 

18K>-8ft Tr.  Tr.  Tr.  .2rt  5.:>2  l.m     7.72  1..38  2.50     3.29       .00  .01  22.31 

188:5W 24  .21  .00  .01  1.18  .18       .20  9.25  .24  ,  2.30  '     .20  .(M  14.a=i 

1887  88 07  .00  .15  .12  .78  2.«7     «.03  .77  3. 15  |     .11        .02  Tr.  Vi.S7 

1888-W 03  .(»8  Tr.  ..%  4.01  «.2il       .25  .92  6.48'     .27,    .fi2  .00  19. 2S 

1889-90 00  .fil  .0  fl.lK  l.:W  15.80     7.8.3  l.:W  .(i«       .22       .03  .02  34.. v."? 

185U-91 0  .0.3  .00  .03  .13  2.32       .25  8.56  .41        .26       .31  .00  12.3f. 

189192 Tr.  .00  J*\  .00  .00  1.99       .8S  3.19  3.39       .22     2.06  .06  11.8.'. 

iKtt  93 .00  .01  .W  ..^3  4.40  4.18     6.29  2.27  8.52  1     .19       .06  .03  2«'».2S 

189MM .n)  .00  Tr.  .75  .2.)  3.65  1     .94  .49  .37'     .13       .20  Tr.         6.7."^ 

1891  9'> Tr.  .01  .73  .02  AH)  4.62  .  5.84  .4<l  3.77  |     .46       .19  .01  16.11 

189'»-9f» Tr.  Tr.  Tr.  .24  .8.)  .78,3.23  Tr.  2.97  1     .19       .30  Tr.         8..'.l 

18{W  97 .(K>  .01  Tr.  I  1..3()  1.65  2.12     3.70  5.|-.2  2.311     .02       .  10  j  Tr,  16.8«') 

1897  9H Tr.       .(IT)  .00  2.17  .01  .u->,1.2»\'  .51  .98       .03     1.75  Tr.         7.0<-. 

18«W-W .07  Tr.  .02  .09'  Tr.  .12     2.1.4'  .(M  1.81        .18       .04  .58         5..'W 

1899  1900 '     .(H»  .01  Tr.  l..->9  .9;»  .90     1.17  Tr.  .99'     .54     1.81  Tr.         7.91 

MKM)  HKM Tr.  Tr.  Tr  .Jirt.TWi  Tr.  '  2.49  >  4.38  .45  t    .68,1.50  Tr.  ;     16.2<» 

IWI-2 Tr.        .09  .«»:{  l.ss  .4«i  Tr.  '  1.62  '  3..35  2.98  i     .16       .03  Tr.  10. TO 

I9:i"_' ;; 'Pr  Tv  Tr.  .in  l'-CS  2..'>0     l?.  K)  l.f.'J  6.9:1,3.77       Tr.  Ar2  19.  ."J 

l«»!n   ! .(H)  Tr.  .\:\  Tr  .(M)  Tr.        .IJ  2. 6S  4.50  i     .97      Tr.  Tr.         S.7L' 

Av<Maj;r.  l went y-s«'\rii  ycais.  !.').. '5.')  inc'/.c.-. 

A  close  cxaiuinatioii  of  tlic  AnalnMin  profile  sliows  that  the  decline 
was  steady  and  uninterruj)ted  durinij:  tlu*  three  very  dry  years  which 
preceded  and  included  iIk*  winl(»r  of  \s\)\)  1900.  The  succeeding 
winter  was  oni^  in  which  the  rainfall  at  Anaheim,  at  Los  Angeles,  and 
at  San  Bernardino  was  soiiunvhat  in  excess  of  the  normal,  the  excess 
vaiy  ini:  from  0  perc(Mit  at  Los  Angeles  to  2S  per  cent  at  Anaheim. 

DiirinL'  the  early  |)art  of  the  winter  of  1!)()1  the  Anaheim  ])rolile 
shows  a  sharj)  rise  in  the  water  lev(»l.  the  gain  during  the  first  three 
months  of  the  year  being  approximately  2  feet,  but  by  the  middle  of 
the  succeeding  August  the  water  had  fallen  again  to  a  lower  level 
than  it  had  readied  at  anytime  before  this  winter,  whose  rainfall 
exceeded  the  normal. 
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111  short,  the  decline  continued  during  a  winter  of  excessive  rain- 
fall. Tliroughout  the  season  of  1901-2  also  it  continued,  but  as  this 
agam  was  a  winter  of  marked  deficiency,  a  loss  was  to  be  expected. 
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FlO.  3.— Chart  showing  (l«'juirtun's  from  avcrupo  nilnfull  at  Los  Anpolea,  Cal.    a,  average  for  27  years 

(iri.^a  inclics). 

But  the  season  of  1902-3  was  again  a  winter  of  rainfall  in  excess. 
This  excess  aniountc^d  to  about  15  per  cent  of  the  nonnal  at  San 
Bernardino,  about  70  i)er  cent  at  Anaheim,  and  about  22  \»^t  ^^w\»^\» 
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Los  Angeles.  The  effect  upon  the  Anaheim  wat^r  level,  while  less 
marked  than  that  of  the  heavy  rainfall  two  years  before,  was  more 
last  ng,  the  rise  of  April  and  May,  1903,  not  being  wholly  lost  matfl 
January  1,  1904.  Since  that  time  there  has  been  no  heavy  rainfall 
and  the  decline  has  been  continuous. 

The  important  point  in  this  comparison  is  the  fact  that  the  water 
level  has  continued  to  decline  during  two  yea,Ts  of  marked  excess  in 
precipitation.  This  fact  seems  to  point  unmistakably  to  excessive 
drafts  upon  the  underground  waters  in  the  region  to  which  it  applies. 

Direct  observations  of  this  kind  have  not  been  made  in  the  DoiMiey 
quadrangle,  where  there  are  only  the  general  plienomena  of  decline 
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Fi«..  1.     Diii^ram  showiiip  variation  of  water  level  near  Anaheim.  Cal. 

from  wliich  to  draw  conclusions.  The  artesian  area  exhibits  as 
marked  stiriiikatro  in  the  Downey  as  in  the  Anaheim  region,  and  it  is 
known  that  tjjrounil-water  levels  have  fallen  there  markedly.  There 
are  more  artesian  wells  hut  fewer  pumping  plants.  Since  the  yield 
of  (lowing  wells  is  very  sensitive  to  the  fluctuations  in  the  ground- 
water levels  and  to  the  accompanying  changes  in  pressure,  while  the 
output  of  pumped  wells  responds  much  less  freely  to  these  variations, 
pumping  may  be  considered  the  more  efficient  agent  in  reducing  the 
supply.  So  as  yet  the  conditions  at  Anaheim  are  thought  to  be 
extreme  rather  than  general.  The  unlimited  extension  of  develop- 
ments, however,  may  soon  result  in  their  becoming  general. 
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SUMMARY. 

The  discussion  and  conclusions  as  to  the  underground  water 
supply  in  the  central  coastal  plain  region  may  be  summarized  thus: 

(a)  The  supply  is  large,  since  it  consists  of  the  water  saturating 
all  of  that  part  of  the  coastal  plain  gravels  within  ))umping  distance, 
sa}'  250  feet  from  the  surface,  over  an  area  of  600  or  700  square  miles. 

(b)  The  ammal  additions  to  the  supply  are  large,  consisting  of  a 
part  of  the  flood  waters  of  the  San  Gabriel,  Los  Angeles,  and  Santa 
Ana  rivers,  of  the  return  waters  from  irrigation  on  the  coastal  plain, 
of  the  relatively  small  underflow  of  the  rivers  named,  and  of  local 
rainfall  upon  this  part  of  the  coastal  plain  and  the  adjacent  hills. 

(c)  Tlie  drafts  upon  these  waters  are  large  and  seem  certainly 
to  be  in  excess  of  the  supply  in  parts  of  the  area  at  present. 

(d)  With  present  developments  the  water  plane  is  expected  to 
continue  slowly  to  decline,  and  the  artesian  area  to  shrink  until 
drainage  Ls  checked  by  these  shrinkages  at  a  point  where  it  no  longer 
exceeds  supply.  This  decline  should  not  prove  serious  if  present 
developments  are  not  (jreatly  increased. 

{e)  So  long  as  water  developments  continue  at  a  rate  which 
increases  the  output  the  shrinkage  will  continue. 

(/)  The  lowering  of  the  ground-water  level  and  the  shrinkage  of 
artesian  areas,  even  with  continued  development,  will  no  doubt  be 
interrupted  by  periods  of  rising  water  levels  and  expanding  artesian 
areas,  which  will  follow  seasons  of  excessive  rainfall. 

ig)  The  shrinkage  of  the  artesian  belt  will  be  most  manifest  along 
its  northern  edge.  The  effect  farther  south  will  be  rather  a  decrease 
of  flow  and  a  lessening  of  pressure. 

Qi)  Shallow  artesian  wells  will  generally  be  affected  earlier  and  to 
a  more  marked  extent  than  deeper  ones. 

DESCllTll'IOX  OF  3IAP8  AND  TABIilCS. 

The  maps  in  this  paper  show  the  lands  irrigated  in  1903-4,  the 
irrigation  canals,  all  of  whicli  head  in  or  near  the  Paso  de  Bartolo, 
the  present  and  the  original  artesian  basins,  and  the  location  of 
wells,  artesian,  pumped,  or  doniestic,  in  the  Downey  and  Las  Bolsas 
quadrangles  (Pis.  I,  TI,  and  IV). 

The  irrigated  lands  and  those  not  irrigated  are  less  clearly  differ- 
entiated in  the  naturally  more  or  less  moist  lands  of  the  lower  partij 
of  the  coastal  plain  than  on  tlie  dry  mesa  and  bench  lands,  and 
irrigation  practice  is  often  vague  and  unsysttMnatic  there.  In  many 
cases  winter  irritration  is  practiced,  tlie  waters  of  the  San  Gal)riel 
reaching  the  lower  stretches  of  the  river  channel  or  the  lower  ditches 
only  at  this  season,  when  water  is  abundant.  It  is  then  used  to 
augment  the  rainfall  on  pasture  lands.     Irrigation  of  this  t^'pe  is 
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included  in  our  cIassi(i(*atioii  of  irrigated  lands.  The  total  area 
under  irrigation  in  tlie  Downey  and  Las  Bolsas  quadrangles  is  neariy 
45,000  acres,  or  about  25  per  cent  of  tlie  total  area. 

The  map  of  the  artesian  basin,  past  and  present  (PI.  I),  is  self- 
explanatory.  It  is  to  be  said,  liowever,  that  the  boundaries  differ 
for  wells  of  differing  deptli,  since  deep  wells  may  flow^  w^hen  they 
are  some  distance  farther  north  than  shallower  w^ells  that  have 
ceased  to  flow. 

As  the  limits  have  been  drawn  on  the  maps  they  include  within 
the  artesian  area  all  wells  (lowing  at  the  time  the  data  were  collected 
in  the  summer  of  1903  and  the  succeeding  winter.  After  a  very 
wet  year  the  northern  boundary  of  the  present  artesian  area  may 
shift  to  the  north;  with  average  rainfall  and  continued  development 
it  will  probal)ly  shift  to  the  south.  The  southern  limit  should  show 
but  little  change. 

Outside  of  the  artesian  l)asin  the  ground-water  level  has  been 
shown  by  hydrographic  contours  (PI.  I).  These  are  lines  showing 
the  elevation  of  the  surface  of  the  plane  of  saturation.  The  depth 
to  ground  water  at  any  point  is  determined  by  finding  the  differ- 
ence between  the  elevations  indicated  by  the  topographic  contours 
and  those  indicated  by  the  hydrographic  contours.  The  line  of 
hills  which  forms  the  southern  limit  of  the  artesian  basin  follows  a 
zone  in  which  the  water  levels  are  so  irregular  that  it  was  not  prac- 
ticable to  extend  the  hydrographic  contours  across  it. 

Three  kinds  of  syml)()ls  are  used  to  indicate  wells  that  flow,  wells 
at  which  pumping  plants  have  been  installed,  and  the  small  wind- 
mill and  (ioincstic  wells.  Thus  the  map  shows  approximately  the 
artesian  holt  and  the  areas  of  greatest  development  by  pumpuig. 
Both  artesian  wells  ami  pumping  plants  are  constantly  increashig, 
and  by  the  time  this  report  is  ready  for  distribution  many  more 
will  exist  than  are  shown  on  the  map,  although  this  list  was  nearly 
complete  for  artesian  wells  and  pumi)ing  plants  at  the  time  the 
field  work  was  finished,  in  the  spring  of  1904.  Many  of  the  small 
domestic  wells  have  not  been  examined  and  do  not  appear  in  the 
lists.  Kach  well  visited  has  been  located  on  the  map  and  num- 
bered there.  The  information  collected  concerning  it  ai)pears  in 
the  tai)les  opposite  this  number.  The  information  includes  the 
name  of  the  owner,  the  rancho,  or,  if  on  public  land  surveys,  the 
town,  range,  and  section,  the  date  of  completion,  the  size  and 
depth  of  the  well,  the  depth  of  water  and  the  elevation  of  its  surface, 
the  approxinnite  anumnt  of  dissolved  solids  in  [)arts  per  100,000, 
the  method  used  in  raising  the  water,  the  ap[)roximate  cost  of  the 
well  and  of  the  machinery  installed,  and  the  amount  of  water  secured. 
The  greater  part  of  this  information  was  obtained  from  the  owner 
of  the  well,  data  as  to  cost  being  in  all  cases  supplied  by  liim.     The 
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depths  of  shallower  wells  that  were  accessible  were  measured.  If 
the  well  is  more  than  300  feet  deej),  or  was  capped  or  otherwise 
closed,  the  owner's  statement  was  taken  or  the  driller's  record 
consulted. 

In  a  great  many  cases  it  was  necessary  also  to  accept  the  owner's 
statement  as  to  the  output  of  his  well.  This  was  particularly  true 
of  the  pumping  plants.  Artesian  wells  could  much  more  often  be 
measured,  and  in  every  case  where  it  was  possible  determinations 
of  output  were  made,  whether  tlie  water  w^as  artesian  or  pumped. 
Owners'  statements  are  usually  excessive. 

The  purity  of  the  water  was  rapidly  and  approximately  deter- 
mined in  the  field  with  an  electrolytic  bridge,  the  method  being 
based  upon  the  fact  that  a  definite  relation  exists  between  the 
amount  of  dissolved  solids  in  the  water's  and  the  electrical  resistance. 
The  degree  of  accuracy  attained  in  this  work  is  probably  somewhat  less 
for  the  Downey  (quadrangle  than  for  the  Las  Bolsas  quadrangle,  which 
was  examined  at  a  cooler  season,  as  high  temperatures  affect  the  accu- 
racy of  the  method.  It  is  hoped,  however,  that  the  tests  are  cor- 
re<;t  within  five  or  six  parts  per  100,000  in  nearly  all  cases  and  that  their 
usual  accuracy  is  much  closer  than  this.  The  results  are  tabulated 
with  the  other  data  about  the  wells  and  have  also  been  assembled 
on  a  map  (fig.  5)  on  which  the  underground  waters  have  been  classi- 
fied upon  the  basis  of  their  alkalinity,  and  on  w^hich  the  distribu- 
tion of  the  broader  zones  is  shown.  Such  a  map  furnishes  general 
evidence  as  to  the  course  of  the  underground  circulation,  and  in 
this  case  indicates  that  the  waters  which  come  out  tlu"ough  the 
Paso  de  Bartolo  spread  into  a  l)road  stream,  unite  with  those  of  the 
Los  Angeles  and  Santa  Ana  systems,  and  seek  an  outlet  to  the 
ocean  in  the  region  between  Los  Alamito  Beach  and  Newport  Beach. 
The  preparation  of  tliis  map  showed  that  shallow  welLs,  even  in 
the  areas  of  generally  pure  water,  often  contain  very  notable  amounts 
of  alkalies  and  that  the  deeper  wells  generally  carry  a  smaller  pro- 
portion of  salts  than  the  shallower  (mes.  The  zones,  as  they  have 
been  mapped,  represent  the  general  condition  of  waters  drawn  from 
sufljcient  depth  to  h(»  fr(»e  from  surface  contamination.  They  illus- 
trate well  the  effcM't  of  the  run-off  from  the  shale  hills  upon  the 
waters  in  the  adjacent  lowlands,  and  show  also  the  greater  purity 
of  the  ground  waters  in  the  zones  of  freest  underground  circu- 
lation, as  between  the  passes  by  which  the  greater  streams  reach 
the  coastal  plain  and  the  seashore.  They  illustrate,  too,  the  some- 
what inferior  quality  of  those  ground  waters  which  lie  upon  the 
seaward  sid(M)f  the  ridge  which  limits  the  artesian  basui  (m  the 
southwest.  These  waters,  it  is  to  he  said,  are  irregular  in  their 
alkalinity,  near-hy  wells  often  (exhibiting  considerable  d  ffennices  in 
the  quantity   of   dissolved   salts.     Within   the   lower  parts  of   the 
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artesian  basin,  on  the  contrary,  the  waters  are  very  uniform  in 
quaUty  and  contain  but  Httle  mineral  matter. 

The  waters  of  several  of  the  deep  wells  of  the  Downey  quadrangle 
are  more  or  less  impregnated  with  sulphureted  hydrogen,  and 
some  of  them  are  stained  brown,  probably  by  vegetable  matter, 
peaty  in  character,  which  has  been  buried  as  the  sands  and  gravels 
have  accunuilated.  The  subterranean  waters  in  contact  ^nth  these 
peaty  beds  are  colored  just  as  surface  waters  in  contact  with  vege- 
table matter  in  swamps  or  marshes  become  stained.     These  gaseous 


EO    EZ]    [H] 


p*cvrpc  rt  jhff^cli 


Fid.  '».     Map  slKiwiim  appniviiuMtr  aimmnls  of  «li><s(>l\o<l  solids  in  uiidorgrounU  wators  of  coastal 
plain  rciiinii  of  snuthrni  (Mlif^irnia. 

and  orjxanic  okMnonts  mIIVcI  ihc  electrical  resistance  hut  little,  if  at 
all,  and  therefore  do  not  appear  in  the  tabulated  and  mapped  results. 
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who  also  mapped  the  irrigated  lands.  Mr.  \V.  N.  White  is  chiefly 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Wdshin^Tif  D.  C,  January  12,  1905. 

Sir:  I  transmit  a  report  entitled  ''The  Development  of  Under- 
ground Waters  in  the  Western  Coastal  Plain  Region  of  Southern  Cali- 
fornia/' prepared  by  Mr.  W.  C.  Mendenhall,  under  the  direction  of 
Mr.  N.  IL  Darton,  and  recommend  that  it  be  published  as  a  Water- 
Supply  and  Irrigation  Paper. 

This  paper  is  similar  to  two  recently  published  on  the  eastern  and 
central  portions  of  the  coastal  plain  of  southern  California.  These 
papers  contain  a  list  of  nearly  all  the  wells  in  this  section  of  the  State, 
and  such  data  as  to  water  levels,  irrigation  systems,  and  irrigated 
lands  as  could  be  collected  by  a  careful  canvass.  In  addition  each 
paper  contains  a  brief  discussion  of  the  conditions  affecting  the 
underground  waters  in  the  particular  section  of  which  it  treats. 

The  studies,  a  part  of  whose  results  are  being  made  available  in 
this  way,  are  planned  to  cover  all  the  important  water-bearing  lands 
of  the  valley  of  southern  California.  In  most  instances  the  facts 
gathered  concerning  the  wells  and  the  distributing  systems  will  be 
supplemented  by  a  study  of  the  local  geology,  in  so  far  as  it  controls 
the  amount,  distribution,  and  circulation  of  the  ground  waters.  The 
hydrographic  data  and  the  geologic  data  will  then  be  discussed  and 
issued  together  in  one  report.  In  the  coastal  plain  area,  however,  the 
geologic  conditions  being  relatively  simple  and  the  hydrographic 
data  being  large  in  volume  and  of  paramount  importance,  it  is  deemed 
best  to  issue  the  latter  at  once,  rather  than  to  delay  it  pending  the 
working  out  more  fully  of  the  comparatively  unimportant  geologic 
problems.  Therefore  the  tables  and  maps  are  presented  here  for  the 
consideration  of  water  users,  with  a  comparatively  brief  text,  which 
is  chiefly  descriptive,  but  which  includes  a  discussion  of  the  effects  of 
development  and  drought  in  bringing  about  those  changes  in  water 
levels  and  in  the  outlines  of  artesian  areas  which  have  been  most 
marked  within  the  last  five  or  six  years. 

Very  respectfully, 

F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  I).  Walcott, 

Director  United  States  Geological  Survey. 
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DEVELOPMENT  OF  UNDERGROUND  WATERS  IN  THE 
WESTERN  COASTAL  PLAIN  REGION  OF  SOUTHERN 
CALIFORNIA.  

By  W.  C.  Mendenuall. 


INTRODUCTION. 

The  greater  part  of  the  coastal  plain  of  southern  California  is 
included  in  the  Anaheim,  Santa  Ana,  Downey,  Las  Bolsas,  Santa 
Monica,  and  Redondo  quadrangles  "  of  the  United  States  Geological 
Survey,  and  all  of  it  is  in  Orange  and  Los  Angeles  counties.  For 
convenience  of  treatment  and  discussion  the  coastal  plain  has  been 
divided  into  an  eastern,  a  central,  and  a  western  section,  each  section 
including  two  quadrangles.  The  eastern  and  central  sections  are 
described  in  Water-Supply  Papers  Nos.  137  and  138. 

The  westernmost  section,  which  includes  the  Redondo  quadrangle 
and  the  south  half  of  the  Santa  Monica  quadrangle,  is  described 
in  this  paper.  The  more  important  data  are  presented  in  the 
form  of  tables  and  maps;  the  tables  giving  the  essential  facts  regard- 
ing each  well  examined,  the  maps  showing  graphically  the  irrigated 
areas,  the  attitude  of  the  water  plane,  the  extent  and  position  of  the 
past  and  present  artesian  areas,  and  the  zones  of  relative  purity  of 
the  ground  waters. 

In  this  area,  which  includes  the  largest  body  of  water-bearing  land, 
the  largest  artesian  basin,  and  the  most  extensive  diversified  farming 
district  of  the  southern  part  of  the  State,  the  development  of  under- 
ground waters  for  domestic  purposes  and  irrigation  has  been  under 
way  for  twenty-five  years,  but  has  been  especially  marked  during  the 
past  decade. 

By  the  valley  of  southern  California  is  meant  that  lowland  area 
that  is  limited  on  the  north  by  the  San  Gabriel  Range  and  is  separated 
from  the  Mohave  and  Colorado  deserts  on  the  east  by  the  San  Bernar- 
dino and  San  Jacinto  mountains.     Toward  tlie  west  it  is  open  to  the 

«  A  quadrangle  is  thiviinit  of  survey  adoptcMi  by  tho  Tnitod  States  (Jeological  Survey  for  the  tojK)- 
gruphic  and  geolopic  atlas  «)f  the  riiite<l  States.  It  is  a  rectangular  area  IT)  minutes,  30  minutes,  or  1 
degree  in  extent  eacli  way.  hounded  by  parallels  and  meridians,  and  having  an  area  of  one-sixteenth, 
one-ijuarter,  or  1  s(iware  degree.  The  (juadrangles  disregard  i>()litical  boundaries,  such  as  those  of 
States,  counties,  and  townships.  To  eat  h  is  given  the  name  of  scmie  well-known  i)lace  or  feiiturc 
within  its  limits.     A  sheet  is  a  topographic  map  of  one  of  the  above  ureas. 
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Pacific,  and  on  the  south  its  limits  arc  irregular  and  to  a  certain 
degree  indefinite,  the  minor  valleys  into  which  the  major  valley 
divides  in  this  direction  gradually  contracting  and  eventually 
practically  disappearing  in  the  general  heights  of  the  Sierra  Madre. 

This  valley  is  more  populous,  is  more  intensely  cultivated,  and 
represents  more  concentrated  wealth  than  any  similar  area  in  the 
entire  Southwest.  The  ])asis  for  its  wealth  is  its  climate,  which 
depends  upon  its  physical  geography  and  its  latitude.  Its  southeni 
situation  is  responsible  for  its  moderately  high  mean  annual  tempera- 
ture of  about  62®;  and  the  fact  that  it  is  open  to  the  Pacific  and  is 
separated  from  the  deserts  to  the  north  and  east  by  high  mountain 
ranges  not  only  insures  an  equa])le  distribution  throughout  the  year 
of  the  mean  temperature,  but  is  an  admirable  provision  for  greater 
rainfall  than  is  usual  so  far  south  on  the  Pacific  coast.  This  combina- 
tion of  mild  temperature  and  sufficient  rainfall  to  provide  for  the 
cultivation  of  a  large  acreage,  but  not  to  destroy  the  beneficial  effects 
of  semiaridity  with  its  large  proportion  of  bright  days  and  its  dry  air, 
makes  the  region  most  attractive  as  a  place  of  residence.  Further- 
more, the  soils  are  generally  well  disintegrated  arid-land  soils,  not 
leached  of  their  valuable  soluble  fertilizing  constituents,  so  that  with 
the  artificial  application  of  water  they  prove  highly  productive. 

The  valley  of  southern  California  is  divided  by  the  Santa  Ana 
Mountains  and  their  extension,  the  Puente  Hills,  into  the  coastal 
plan  and  the  interior  valley,  each  with  its  own  minor  pecuHarities  of 
soil  and  climate,  and  each  exhibiting  certain  special  pliases  of  the 
problem  which  is  connnon  to  southern  California  as  to  all  arid  and 
semiarid  regions  -the  problem  of  water  supply. 

THK  COASTAL  IM.AIX. 

The  coastal  plain  as  a  whole  (see  PL  1)  is  alxnit  oO  miles  in  length  in 
a  northwest-southeast  direction,  and  from  15  to  20  miles  in  width 
fnmi  the  Pacific  Ocean  to  the  base  of  the  Puente  Hills  and  Santa  Ana 
Mountains.  It  has  an  area  of  about  775  stpiarc  miles.  It  is  in  general 
a  region  of  low  relief,  and  slop(»s  gently  seaward  from  an  elevation  of 
200  or  oOO  feet  along  the  inner  <Mlge  to  the  salt  marslies  and  sand 
dunes  which  border  tin*  Pacific.  (PI.  11.)  The  chief  interruptions 
to  its  l(»vcl  surface  arc  San  Pedro  Hill,  wliicli  rises  distinctly  above  it 
but  is  not  to  be  regai'ded  as  in  any  senses  a  part  of  it.  and  the  low  ridge 
which  ext(MHls  southeastward  from  the  vicinity  of  Palms  toward 
Huntington  Beach.  The  most  prominent  heiglits  along  this  ridge  are 
the  point  just  southeast  of  Palms,  and  Doniinguez  and  Los  Cerritos 
hills,  517.  105,  and  :^04  feet  in  elevation,  respectively.  This  ridge 
divides  the  coastal  plain  into  an  eastern  and  w(\stern  section,  alike  as 
to  climate,  similar  as  to  soils,  but  distinct  as  to  underground  condi- 
tions and  the  quantity  and  disposition  of  the  ground  waters. 


DEVELOPMENT  OF  UNDERGROUND  WATERS  IN  THE 
WESTERN  COASTAL  PLAIN  REGION  OF  SOUTHERN 
CALIFORNIA.  

By  W.  C.  Mendenhall. 


INTRODUCTION. 

The  greater  part  of  the  coastal  plain  of  southern  California  is 
included  in  the  Anaheim,  Santa  Ana,  Downey,  Las  Bolsas,  Santa 
Monica,  and  Redondo  quadrangles  "  of  the  United  States  Geological 
Survey,  and  all  of  it  is  in  Orange  and  Los  Angeles  counties.  For 
convenience  of  treatment  and  discussion  the  coastal  plain  has  been 
divided  into  an  eastern,  a  central,  and  a  western  section,  each  section 
including  two  quadrangles.  The  eastern  and  central  sections  are 
described  in  Water-Supply  Papers  Nos.  137  and  138. 

The  westernmost  section,  which  includes  the  Redondo  quadrangle 
and  the  south  half  of  the  Santa  Monica  quadrangle,  is  described 
in  this  paper.  The  more  important  data  are  presented  in  the 
form  of  tables  and  maps;  the  tables  giving  the  essential  facts  regard- 
ing each  well  examined,  the  maps  showing  graphically  the  irrigated 
areas,  the  attitude  of  the  water  plane,  the  extent  and  position  of  the 
past  and  present  artesian  areas,  and  the  zones  of  relative  purity  of 
the  ground  waters. 

In  this  area,  which  includes  the  largest  body  of  water-bearing  land, 
the  largest  artesian  basin,  and  the  most  extensive  diversified  farming 
district  of  the  southern  part  of  the  State,  the  development  of  under- 
ground waters  for  domestic  purposes  and  irrigation  has  been  under 
way  for  twenty-five  years,  but  has  been  especially  marked  during  the 
past  decade. 

By  the  valley  of  southern  California  is  meant  that  lowland  area 
that  is  limited  on  the  north  by  the  San  Gabriel  Range  and  is  separated 
from  the  Mohave  and  Colorado  deserts  on  the  east  by  the  San  Bernar- 
dino and  San  Jacinto  mountains.     Toward  the  west  it  is  open  to  the 

a  A  quadrangle  is  tho-unit  of  survey  adopted  by  the  I'nited  States  Geological  Survey  for  the  topo- 
graphic and  geologic  atlas  of  the  United  States.  It  is  a  rectangular  area  15  minutes,  30  minutes,  or  1 
degree  in  extent  each  way,  bounded  by  parallels  and  meridians,  and  having  an  area  of  one-sixteenth, 
one-quarter,  or  1  square  degree.  The  quadrangles  disregard  political  boundaries,  such  as  those  of 
States,  counties,  and  townships.  To  each  is  given  the  name  of  some  well-known  place  or  feature 
within  its  limits.    A  sheet  is  a  topograi)hic  map  of  one  of  the  above  areas. 
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The  inner  edge  of  the  plain  is  generally  bench  land,  which  contours 
the  higher  mountains  back  of  it,  forms  bluffs  (PI.  Ill,  A)  where  the 
mountains  approach  the  coast,  and  is  dissected  somewhat  by  the 
canyons  of  the  small  streams  which  cross  it.  These  gullied  benches 
are  especially  conspicuous  back  of  Santa  Monica  and  along  the  south 
base  of  the  Santa  Monica  Mountains.  Here  they  are  composed  of 
alluvium — stream-deposited  sands,  gravels,  and  clays — in  contrast  to 
the  marine  deposits  which  make  up  much  of  the  coastal  plain  proper. 

The  eastern  and  central  sections  of  the  coastal  plain,  which  have 
been  discussed  in  Water-wSupply  Papers  Nos.  137  and  138,  include 
the  greater  part  of  the  coastal  plain  artesian  belt  (PI.  I)  and  the 
lower  courses  of  Los  Angeles,  San  Gabriel,  and  Santa  Ana  rivers.  The 
western  section  described  here  is  crossed  by  none  of  the  larger  streams 
of  the  valley,  and  includes  only  the  northwestern  narrower  part  of  the 
artesian  area.  It  therefore  contains  a  somewhat  larger  proportion  of 
dry  lands  than  the  central  and  eastern  areas.  Its  drainage  generally 
is  indefinite  and  ill  defined,  the  valley  of  Ballona  Creek  being  the  only 
clearly  marked  drainage  system  in  it.  Along  the  coast  is  a  belt  of 
sand  dunes  which,  in  the  section  north  of  San  Pedro  Hill,  extend 
inland  for  2  miles  in  some  instances,  although  these  inner  dunes  are 
not  now  active. 

South  of  Gardena  is  a  depressed  area  without  a  surface  outlet  which 
has  contained  a  lake  2  or  3  miles  long  during  exceptionally  wet  years. 
At  present  this  depression  is  dry- .  Other  smaller  pits  are  distributed 
along  the  old  sand-dune  belt  back  of  the  stretch  of  coast  extending 
from  Playa  del  Rey  to  Redondo. 

80IX.S  AND  CROPS. 

The  soils  of  this  western  section  are  generally  fine  in  texture,  con- 
trasting strongly  in  this  respect  with  many  of  the  foothill  soils  of  the 
valley  farther  inland  nearer  the  high  ranges.  The  dark  loams  with 
a  notable  percentage  of  humus  are  practically  confined  to  the  valley  of 
Ballona  Creek,  to  the  marshes  which  extend  northward  from  its 
mouth,  and  to  an  area  which  overlies  the  present  or  the  original  arte- 
sian basin,  and  is  situated  just  south  of  the  city  of  Los  Angeles,  in  the 
vicinity  of  Slauson  and  Green  Meadows.  At  a  few  points  in  the 
Ballona  Valley  these  soils  are  slightly  alkaline,  but  where  free  from 
injurious  salts  they  are  very  fertile.  Their  fertilizing  admixture  of 
vegetable  mat  ter  is  due  to  the  fact  that  they  are  or  have  been  moist 
lands  covered  with  a  dense*  natural  growth  whose  decay  has  yielded 
humus. 

The  upland  soils  are  almost  invariably  sandy,  although  the  sand 
sometimes  contains  a  noticeable  percentage  of  clay.  The  soils  in  the 
region  extendinjj:  from  Inglewood  to  Wilmington  are  of  this  character, 
the  purer  and  coarser  sands   lying  nearer  the  coast  and  the  clay 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

WashingtoTiy  D,  C,  January  12,  1905, 

Sir:  I  transmit  a  report  entitled  ''The  Development  of  Under- 
ground Waters  in  the  Western  Coastal  Plain  Region  of  Southern  Cali- 
fornia,*' prepared  by  Mr.  W.  C.  Mendenhall,  under  the  direction  of 
Mr.  N.  H.  Darton,  and  recommend  that  it  be  published  as  a  Water- 
Supply  and  Irrigation  Paper. 

This  paper  is  similar  to  two  recently  published  on  the  eastern  and 
central  portions  of  the  coastal  plain  of  southern  California.  These 
papers  contain  a  list  of  nearly  all  the  wells  in  this  section  of  the  State, 
and  such  data  as  to  water  levels,  irrigation  systems,  and  irrigated 
lands  as  could  be  collected  by  a  careful  canvass.  In  addition  each 
paper  contains  a  brief  discussion  of  the  conditions  affecting  the 
underground  waters  in  the  particular  section  of  which  it  treats. 

The  studies,  a  part  of  whose  results  are  being  made  available  in 
this  way,  are  planned  to  cover  all  the  important  water-bearing  lands 
of  the  valley  of  southern  California.  In  most  instances  the  facts 
gathered  concerning  the  wells  and  the  distributing  systems  will  be 
supplemented  by  a  study  of  the  local  geology,  in  so  far  as  it  controls 
the  amount,  distribution,  and  circulation  of  the  ground  waters.  The 
hydrographic  data  and  the  geologic  data  will  then  be  discussed  and 
issued  together  in  one  report.  In  the  coastal  plain  area,  however,  the 
geologic  conditions  being  relatively  simple  and  the  hydrographic 
data  being  large  in  volume  and  of  paramount  importance,  it  is  deemed 
best  to  issue  the  latter  at  once,  rather  than  to  delay  it  pending  the 
working  out  more  fully  of  the  comparatively  unimportant  geologic 
problems.  Therefore  the  tables  and  maps  are  presented  here  for  the 
consideration  of  water  users,  with  a  comparatively  brief  text,  which 
is  chiefly  descriptive,  but  which  includes  a  discussion  of  the  effects  of 
development  and  drought  in  bringing  about  those  changes  in  water 
levels  and  in  the  outlines  of  artesian  areas  which  have  been  most 
marked  within  the  last  five  or  six  years. 
Very  respo(;tfully, 

F.  H.  Newell, 

Chief  Eng^ineer. 
Hon.  Charles  I).  Walcott, 

Director  United  States  Geological  Survey. 
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4.     BLUFFS   IN   ALLUVIAL  BENCH   LANDS. 
Inner  edge  of  coastal  plain. 


B.     CHARACTERISTIC   ALLUVIUM   OF  SANTA   MONICA   BENCH    LANDS. 
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plain  it  must  percolate  some  distance  underground,  and  even  if  its 
course  is  through  very  pervious  materials  the  passage  requires  time, 
the  capacity  of  all  nearer  gravels  must  be  satisfied  before  it  can  be 
made,  and  ail  intervening  developments  lessen  its  amount.  The 
coastal  plain  as  a  whole  is  the  best  watered  large  area  and  the  largest 
well-watered  area  in  the  valley  of  southern  California,  but  its  western 
section  is  not  so  well  situated  relative  to  the  principal  sources  as  are 
the  central  and  eastern  sections.  None  of  the  larger  streams  cross  it, 
altliough  Los  Angeles  River  flows  near  it  and  certainly  contributes  to 
its  underground  supplies. 

Except  for  the  flood  w  aters  contributed  by  Los  Angeles  River,  this 
region,  wliich  includes  the  Redondo  and  the  south  half  of  the  Santa 
ilonica  quadrangles,  receives  no  water  from  the  high  mountains, 
which  are  so  important  a  source  of  surface  and  of  subsurface  waters 
everywhere.  With  the  exception  of  this  contribution,  it  is  dependent 
upon  local  rainfall  and  the  comparatively  limited  run-off  from  the 
south  slope  of  the  Santa  Monica  Mountains. 

Since  there  are  no  large  flowing  streams  in  the  area,  there  are  no 
very  important  surface  systems  of  irrigation,  such  as  originally  util- 
ized the  flowing  waters  of  Los  Angeles  River  before  the  needs  of  the 
city  absorbed  it  all,  and  such  as  now  distribute  the  waters  of  the  San 
Gabriel  below^  the  Paso  de  Bartolo  and  of  the  Santa  Ana  below  Bed- 
rock Canyon.  The  most  important  ditches  are  those  that  distribute 
Avell  w^ater,  as  does  the  flume  of  the  Artesian  Water  Company  that 
serves  lands  in  the  lower  Ballona  Creek  Valley. 

This  company  owns  water-bearing  lands  near  Cienega  station, 
on  the  Santa  Monica  branch  of  the  Southern  Pacific  Railroad,  in 
wliich  about  15  wells  have  been  bored.  The  water  from  these  wells, 
amounting  to  about  100  ininer\s  inches,  is  conducted  by  a  redwood 
flume,  8  or  0  miles  long,  3}  feet  wide,  and  2  feet  deep,  to  the  lands 
served  in  the  middle  and  lower  Ballona  Creek  Valley  in  the  vicinity  of 
Palms.  The  company  was  organized  in  1900,  with  a  capital  stock  of 
8250,000.  The  stock  is  not  held  l)v  irrigators,  but  the  company  sells 
the  water  to  them  at  a  price  of  .$10  per  head  for  a  24-hour  nm,  equal 
to  0.4  cent  per  liour-inch.  For  smaller  quantities  of  water,  30  cents 
per  hour  for  one-lialf  head  is  charged,  an  advance  of  50  per  cent  over 
the  rates  for  hir^cr  quantities.  The  cost  of  the  wells  and  the  flume  is 
reported  at  S5(),()0(),  and  (he  total  number  of  acres  irrigated  in  1904  is 
given  as  750  U)0  in  beans  and  the  remainder  in  alfalfa  and  walnuts, 
there  being  but  a  small  proportion  of  th(»  latter. 

Other  shorter  ditches  are  used  to  (listril)ute  the  waters  of  Ballona 
Creek,  and  many  of  the  pumping  plants  are  connected  with  perma- 
nent wooden  llunies  or  cement  systems.  Still  other  ditches  distrib- 
ute sewage  from  the  Los  Angeles  outfall  sewer  or  directly  from  the 
city  system. 
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The  greater  part  of  the  irrigation  in  the  two  quadran^ee,  howerer, 
is  aocomplished  by  means  of  the  individual  pumping  plants,  which  are 
abundant  throughout  the  lowlands  soutJh  and  southwest  of  Lob 
Angelesy  in  aa  ana  originally  artesian.  A  number  of  rather  exten^ 
siye  loofd  systems  of  this  character  have  also  been  developed  farther 
out  upon  the  ccwstal  plain  in  the  vicinity  of  Oardena  and  Moneta. 

TJNI>ERGBOI7in>  WATBB. 
SOURCE. 

Ebcduding  the  waters  in  the  rock  basins^  the  ultimate  souitM»  of  all 
the  ground  waters  are  in  the  drainage  areas  of  the  streams  which  are 
tributary  to  the  region.  Thus  the  underground  waters  of  the  ares 
nordi  of  the  low  ridge  which  divides  the  coastal  plain  are  largely  sup- 
plied by  the  drainage  basin  of  Los  Angeles  River.  When  this  stream 
discharges  upon  the  coastal  plain,  after  leaving  the  narrows  at  Los 
Angeles,  its  waters  sink,  and^  spreading  into  a  broad  indefinite  sheet, 
join  the  waters  of  the  other  rivers  which  flow  out  upon  the  coastal 
plain.  Thus  the  coastal  plain  artesian  basin  is  supplied.  It  is  alto- 
gether probable  that  the  moist  lands  about  the  station  of  Cienega,  on 
the  Southern  Pacific  Railroad,  at  the  head  of  Ballona  Creek,  are  thus 
supplied  in  large  part  by  Los  Angeles  River  water,  and  that  the  arte- 
sian weDs  in  this  neighborhood  are  also  supplied  largely  by  it,  since  it 
is  the  nearest  of  the  greater  coastal  plain  rivers. 

It  is  not  possible  in  general  to  tell  where  the  boundary  lies  between 
those  waters  in  an  underground  basin  which  are  supplied  from  one 
source  and  those  supplied  from  another,  since  the  waters  soon  min- 
gle and  a  definite  boundary  ceases  to  exist.  Their  behavior  may 
very  well  be  compared  with  that  of  two  surface  streams  which  unite. 
For  a  short  distance  below  the  junction  the  waters  from  each  may  be 
perfectly  distinct,  but  the  band  of  mingled  waters  along  a  median 
line  becomes  gradually  broader  until  it  extends  from  bank  to  bank. 
Then  it  can  no  longer  be  said  of  the  water  of  any  part  of  the  stream 
that  it  is  contributed  exclusively  by  this  or  that  tributary,  since  each 
has  furnished  a  portion  of  it.  The  mingling  of  underground  waters 
from  distinct  sources  is  precisely  similar  in  character,  hut  the  process 
is  much  slower,  since  the  rate  of  percolation  is  not  as  great  as  that 
of  surface  flow. 

DISTRIBUTION  OF  UNDERGROUND  WATER. 

The  interrupted  ridge  which  extends  northwest  from  Huntington 
Beach  to  the  vicinity  of  Palms  divides  the  coastal  j^lain  into  an 
eastern  and  a  western  portion.  Of  these,  the  eastern  portion  has 
much  the  greater  area.  It  includes  the  bigger  part  of  the  Downey, 
Anaheim,  and  Santa  Ana  quadrangles,  while  the  western  section 
occupies  much  of  the  Redondo  quadrangle  and  a  part  of  the  Santa 
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Sherman.  Throughout  the  remainder  of  that  part  of  the  basin 
which  is  included  in  the  Redondo  and  Santa  Monica  quadrangles, 
although  water  lies  within  easy  pumping  distance  of  the  surface, 
the  cheaper  artesian  w^aters  can  no  longer  be  secured. 

Another  effect  of  this  anticlinal  ridge  is  to  bring  about  great  regu- 
larity in  the  ground-water  levels  above  it.  The  hydrographic  con- 
tours here  indicate  a  moderate  and  generally  regular  slope  of  the 
water  table.  Below  the  ridge  the  slope  is  much  less  uniform,  while 
within  the  broad  area  occupied  by  the  ridge  itself  water  levels  are 
too  erratic  to  be  mapped  with  the  slender  evidence  available. 

Some  of  the  winter  flood  waters,  flowing  as  surface  streams,  escape 
across  this  ridge  and  reach  the  lower,  drier  lands  toward  the  sea, 
where  they  are  in  part  absorbed.  It  is  probable  also  that,  although 
this  fold  in  the  coastal  plain  clays  and  gravels  acts  as  a  dam,  it  is  not 
uniformly  impervious,  and  underground  waters  probably  pass  it  to 
a  certain  limited  extent.  Such  waters  are  contributed  to  the  sub- 
surface supply  below  tlie  ridge,  where  they  may  be  pumped. 

Near  the  mouth  of  Ballona  Creek  is  another  small  artesian  basin,  a 
few  wells  there  tapping?  sand  or  gravel  bodies  which  yield  flowing  water. 
Another  small  basin  in  the  vicinity  of  Colegrove  also  yields  flowing 
water,  but  from  a  consolidated  sandstone  of  Tertiary  age  instead 
of  from  the  loose  sands  and  gravels  which  are  the  usual  water-bearing 
media.  Tliesc*  wells  were  bored  for  oil  and  are  in  some  instances  1 ,000 
feet  or  more  in  depth :  not  all  equally  deep  wells  in  the  vicinity,  how- 
ever, struck  water  under  sudicient  pressure  to  flow.  It  is  not  uuusual 
to  secure  small  flows  from  wells  drilled  for  oil  in  the  Tertiary  beds 
of  the  Coast  Range  and  foothills,  but  the  yield  is  generally  inferior 
to  that  from  wells  in  the  unconsolidated  Pleistocene  material  of  the 
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lowlands,  and  the  water  is  almost  invariably  of  poorer  quality,  since 
the  Tertiary  sands  and  shales  are  heavily  impregnated  with  alkali 
salts.  These  rock  waters,  like  the  more  abundant  gravel  waters,  have 
their  ultimate  source  in  the  rainfall ;  but,  unlike  the  gravel  waters,  their 
circulation  is  not  necessarily  limited  by  drainage  basins,  since  the 
rock  structures  favorable  to  percolation  may  extend  from  one  drainage 
basin  through  an  intervening  range  of  hills  to  a  neighboring  basin. 
These  structures  could  be  determined  by  detailed  work  and  the 
underground  courses  of  such  waters  and  the  intake  at  which  they 
originate  predicted,  but  as  they  are  very  limited  in  value  and  amount 
the  results  would  not  justify  the  work  and  expense.  In  the  presence 
of  so  much  freer  sources  they  may  in  most  cases  be  ignored. 

PERMANENCE  OF  UNDERGROUND  SUPPLY. 

In  all  of  the  important  basins  of  southern  California  during  the 
last  ten  years  there  has  l)een  a  general  if  varying  fall  in  ground- 
water levels,  a  shrinkage  of  artesian  areas,  and  a  general  reduction  of 
yield  from  those  artesian  wells  wliich  continue  to  flow. 

Rainfall,  in  invhs.  at  Loft  Ajigeles,  Col. 


Year. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

l)w. 

Jan. 

Feb. 

M».. 

Apr 

May. 

jjune. 

ToUl. 

1877-78 

0.00 
.00 
.00 
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T. 
.00 
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.00 
.(X) 

.14 
.03 
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T. 
a.  44 

3.03 
4.70 

3.33 
3. 59 
1.33 

7.m 
.07 

J. 57 

7J 
10 

0.66 
.24 
.04 

0.07 
.03 
.00 

21. » 
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11.35 

187(^-8() 

20.34 

\m\H\ 

T. 

T. 

.(X) 
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.r.7 

S.  40 
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M 
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'     .00 
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T. 

T. 

.  S2 

.  27 

.  .'i2 
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.<« 

T. 
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T. 
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T. 
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2.  .'►(■> 

;{.i.-. 
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T. 

T 

T. 

.;«) 

l.tXl 
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T. 
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T. 
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T. 
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T. 
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T. 

.(X) 

.  2». 
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0.  2.') 

2.  ."VO 
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.00 
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.  12 
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3.  1.-) 

.11 
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T. 
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.31 
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T. 
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3.30 
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.06 

11. s5 

1S!»2  W 

.00 

.01 
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S.  .')2 

.10 

.06 
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T. 
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T. 
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.-..s, 
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3.77 

.  Oi 
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.01 
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T. 

T. 

T. 
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■A. -A 

T. 
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T. 
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T. 
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T. 
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T. 
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T. 
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T. 
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T. 
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4.  .'is 

.  1.'. 

.51 

l.Sl 
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Average  twenty-seven  years,  15.35  inches. 
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The  last  ten  years  have  been  a  period  of  low  rainfall,  the  average  at 
Los  Angeles  for  the  period  being  25  per  cent  below  the  normal  there. 
As  a  result  the  ground  waters  have  been  diminished  by  the  decrease 
in  the  floods  which  supply  them  and  by  the  increase  in  the  drafts 
made  upon  them  in  order  to  make  up  the  deficiency  in  stream  flow. 
Hence  an  mportant  part  of  the  admitted  shrinkage  is  justly  charge- 
able to  the  dry  period.  But  in  some  localities  constant  measurements 
on  the  water  plane  show  that  during  the  winters  of  1900-1901  and 
1902-3,  during  both  of  which  the  rainfall  was  above  the  average,  the 
water  level  continued  to  fall,  although  at  a  much  less  rapid  rate 
than  during  other  drier  years.  At  these  places,  therefore,  it  is  evi- 
dent that  there  should  be  no  further  increase  of  the  drafts  upon 
the  underground  waters,  and  that  the  reclaiming  of  lands  from  these 
as  a  source  should  cease. 

In  the  western  coastal  plain  area  drafts  have  not  yet  become 
excessive,  the  wells  being  as  yet  relatively  few  in  number. 

In  the  Santa  Monica  quadrangle  there  are  only  about  26  flowing 
wells,  yielding  approximately  225  miner's  inches  of  water,  and,  in 
1903,  only  134  pumping  plants,  most  of  them  small,  whose  combined 
output  during  the  pumping  season  certainly  does  not  exceed  80 
second-feet,  equivalent  to  perhaps  15  or  20  second-feet  continuous 
flow.  This  water  is  used  for  the  towns  and  for  somewhat  less  than 
4,000  acres  of  irrigated  lands. 

In  the  Redondo  quadrangle  there  are  at  present  (1904)  only  12 
flowing  wells,  distributed  over  about  3.5  square  miles,  and  about 
200  pumping  plants  whose  combined  yield  is  probably  20  or  26  sec- 
ond-feet continuous  flow.  Tliree  thousand  two  hundred  and  eighty 
acres  are  irrigated  by  sewage  and  about  8,250  acres  from  wells;  this 
in  a  total  irrigable  area  of  perhaps  100  square  miles. 

In  the  two  quadrangles  more  than  $750,000  are  invested  in  wells 
and  pumps.  The  total  area  irrigated  is  15,760  acres,  the  total 
amount  of  developed  underground  waters  is  betw^een  40  and  50  sec- 
ond-feet, the  original  area  of  artesian  lands  is  28.4  square  miles,  the 
present  (1904)  artesian  area  is  8.7  square  miles,  and  the  total  lowland 
area,  much  of  which  is  not  cultivated,  is  about  250  square  miles.  A 
part  of  the  city  of  Los  Angeles  covers  more  than  22  square  miles  of 
this  area,  and  the  growing  towns  of  Santa  Monica,  Ocean  Park,  Hol- 
lywood, Inglewood,  Redondo,  etc.,  occupy  many  more  miles  of  it. 

Although  the  quantity  of  water  developed  and  the  acreage  irri- 
gated by  it  are  thus  seen  to  be  moderate,  the  local  water  supply  is  not 
controlled  entirely  by  developments  within  the  district  considered, 
but  is  affected  more  or  less  by  developments  and  diversions  in 
adjacent  regions.  The  shrinkage  in  that  part  of  the  coastal  plain 
artesian  basin  which  is  included  in  the  Redondo  and  Santa  Monica 
IBB  139—05 2 
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quadrangles,  for  instance,  in  so  far  as  it  is  not  due  to  drought,  is  prob- 
ably due  more  to  the  complete  diversion  of  Los  Angeles  River  waters 
and  to  developments  in  the  artesian  basin  farther  east  than  to  direct 
attacks  on  the  ground  waters  in  the  areas  in  question. 

The  total  number  of  flowing  wells  in  the  entire  coastal  plain  arte- 
sian basin  in  1904  was  2,500,  and  their  yield  is  estimated  at  not  less 
than  300  second-feet.  The  effect  of  this  great  drain  in  conjunction 
with  the  past  decade  of  dry  j^ears  has  been  to  reduce  the  artesian  area 
from  about  290  to  190  square  miles,  the  shrinkage  taking  place  prin- 
cipally along  the  northern  and  northeastern  borders  of  the  basin, 
which  first  show  the  effects  of  a  decrease  in  supply,  for  the  same  rea- 
son that  water  withdraws  faster  from  the  shallow  upper  end  of  a 
draining  reservoir  than  from  the  lower  deeper  end.  Hence  in  the 
Santa  Monica  and  Redondo  quadrangles  the  original  area  of  23  square 
miles  is  now  reduced  to  3.5  square  miles. 

The  small  Ballona  basin,  in  which  there  are  but  four  or  five  flowing 
welLs,  has  not  had  serious  drafts  made  upon  it.  Its  situation,  and  the 
drainage  tributary  to  it,  should  make  it  fairly  resistant  to  reasonable 
drafts.  The  flowing  wells  about  (-olegrove  are  in  deep-lying  sand- 
stones of  Tertiary  age  and  their  life  is  difficult  to  estimate.  The 
quality  of  these  waters  is  not  su(»h  as  to  invite  their  fiu-ther  exploita- 
tion so  long  as  purer  watei*s  are  obtainable. 

With  continued  reasonable  use  of  the  underground  waters  of  this 
area,  then,  it  may  be  concluded  that  although  the  remnant  of  the 
coastal  plain  artesian  basin  included  in  it  will  probably  disappear, 
because  this  basin  is  especially  sensitive  to  distant  diversions  and 
developments,  the  ground  waters  generally  will  not  suffer  a  serious 
permanent  shrinkage. 

OKSCKIPTIOX  OF  MATS  AX1>  TAHLE8. 

The  greater  j)()rti()n  of  the  data  concerning  the  wells  in  the  Santa 
Monica  and  Kedonih)  (juach'angles  has  been  assem])led,  as  in  the  other 
reports  on  tlie  coastal  phiin.  in  a  set  of  ta])les  (pp.  22-  103),  in  which 
the  cliaracter  of  eacli  well,  its  depth,  the  deptli  of  water  in  it,  the  pro- 
portion of  dissolved  salts  in  the  water,  tlie  cost  of  well  and  machinery, 
the  name  and  address  of  tlie  owner,  the*  location  of  the  well,  etc,  are 
given.  In  these  ta])I(\s  eacli  well  is  designated  by  a  number,  and  on 
the  maps  the  number  appears  witli  each  well  symbol,  so  that  when 
the  wells  in  any  locality  are  of  interest  to  an  (Migineer  or  rancher,  by 
reference  to  the  tables  he  can  readily  ascertain  their  character. 

The  artesian  basins  have  been  outlined  and  appropriately  tinted 
(Pis.  V  and  VI),  the  areas  in  which  water  now  Hows  being  distin- 
guished from  those*  in  which  it  has  ceased  to  (low  ])y  a  difference  in 
shading.  Outside  of  the  artesian  areas  the  eh^vations  of  the  water 
surface  are  indicated  by  hydrographic  contours  wherever  there  are 
sufficient  data  on  which  to  base  them. 
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Northeast  of  the  Dominguez  ridge  the  water  plane  is  very  regular 
and  its  position  is  readily  determined.  Southwest  of  this  ridge  it  is' 
much  lower  and  over  much  of  the  area  is  quite  irregular.  In  the 
Santa  Monica  quadrangle  the  irregularity  is  accounted  for  by  the 
irregular  deposition  of  the  alluvium  which  makes  the  bench  land 
south  of  the  Santa  Monica  Mountains.  (PI.  Ill,  B) .  Between  Ballona 
Greek  and  San  Pedro  Hill  the  irregularity  is  not  so  marked,  probably 
l>ecause  the  sands  and  gravels  which  are  water  bearing  there  are 
coastal  plain  sediments  and  sand-dune  material.  The  ridge  which 
separates  these  two  areas  is  one  over  which  water  levels  are  exceed- 
ingly erratic.  There  can  be  little  question  that  it  represents  an  anti- 
cline in  the  earlier  coastal  plain  gravels,  sands,  and  clays,  and  the 
irregularity  in  the  attitude  of  the  water-bearing  strata  is  the  cause 
of  the  irregularity  in  the  waters  themselves. 

In  those  places  where,  because  of  these  erratic  water  levels,  or  for 
other  reasons,  sufficient  data  have  not  been  collected  to  serve  as  a 
basis  for  hydrographic  contours,  such  facts  as  we  have  on  water 
levels  are  indicated  by  figures.  None  of  the  water  levels  are  more 
than  approximately  accurate,  since  none  are  instrumentally  deter- 
mined. The  estimate  of  the  elevation  of  a  well  head  is  based  upon 
surface  elevations,  as  indicated  by  the  contours  of  the  topographic 
sheet.  Careful  measurements  were  made  in  each  instance  from  the 
well  head  to  the  water  level  in  the  well.  The  hydrographic  contours 
thus  are  based  upon  and  exhibit  approximately  the  same  degree  of 
accuracy  as  the  topographic  contours.  They  should,  therefore,  be 
consistent  with  the  latter  throughout,  and  a  comparison  of  the  two 
should  give  approximately  the  depth  of  water  at  any  point. 

It  is  to  be  remembered,  however,  that  in  the  neighborhood  of 
pumping  plants,  especially  in  the  western  half  of  the  coastal  plain 
below  the  Dominguez  ridge,  where  the  water  supply  is  not  generally 
so  large  as  above  the  ridge,  rapid  variations  of  as  much  as  10  feet  take 
place  in  the  water  level  with  the  starting  and  stopping  of  pumps. 
The  contours  are  intended  to  represent  an  average  condition  at  the 
time  when  the  data  were  gathered. 

The  lands  under  irrigation  during  the  winter  of  1903-4  are  shown 
by  color  on  each  of  the  sheets.  (Pis.  VTI  and  VIII.)  In  the  Santa 
Monica  quadrangle  360  acres  are  irrigated  by  sewage,  and  about  3,880 
acres  by  stream  and  well  water.  In  the  Redondo  quadrangle  3,280 
acres  are  irrigated  by  sewage,  and  about  8,240  acres  by  pumped  and 
flowing  waters;  the  total  irrigated  area  in  the  two  quadrangles  is 
about  15,760  acres,  or  24.5  square  miles  in  a  total  of  more  than  175 
square  miles  irrigable,  if  water  were  available. 

There  Ls  a  large  acreage  of  dry  land  under  successful  cultivation, 
perhaps  more  than  is  under  irrigation,  so  that  the  unirrigated  lands 
are  not  by  any  means  all  waste.     In  addition,  the  growing  towns  and 
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cities  occupy  constantly  expanding  areas.     Los  Angeles  alone  now 
covers  about  20.5  square  miles  in  the  Santa  Monica  quadrangle. 

The  amounts  of  salts  dissolved  in  the  well  waters  were  determined 
approximately  by  means  of  the  electrolytic  bridge,  the  conductivity 
of  the  water  increasing  with  the  increase  in  alkalies.  The  results  of 
these  tests  are  given  under  appropriate  headings  in  the  tables.  They 
have  also  been  assembled  in  a  purity  map,  in  wliich  waters  are  classi- 
fied in  three  divisions.     In  one  division  are  included  those  waters 
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Fig.  1.— Map  showing?  approximate  amoiints  of  <liss()lv('<l  solids  iti  undorjironnd  waters  of  the  coastal 
[)lain  rcKiori  of  southern  Cahfornia. 

with  less  tlmn  85  parts  of  dissolved  mat  tor  in  1  ()(),()()();  in  another 
are  waters  with  from  35  to  05  parts  of  (HssoIvcmI  solids;  and  in  the 
third  are  all  waters  containing:  more  than  ()5  parts. 

In  the  western  section  only  waters  of  the  last  two  classes  occur, 
and  the  general  distribution  of  the  purity  zones  indicates  a  sluggisli 
underground  circuhition  as  compared  with  those  other  parts  of  the 
coastal  plain  through  wliich  tlie  greater  part  of  the  subsifrface  watei^ 
supplied  by  the  Los  Angeh\s,  the  San  (la])riel,  and  tlu*  Santa  Ana 
rivers  passes.  This  inference  foHows  directly  from  the  fact  tliat  the 
purer  waters  are  not  sharply  aligned  in  a  definite  relation  to  surface 
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streams  as  a  source  of  supply,  as  is  the  case  farther  east.  It  is  prob- 
able that  the  relatively  slow  movement  of  the  underground  waters 
in  the  western  section,  due  to  Umited  supply  there,  permits  them  to 
dissolve  more  of  the  soluble  material  from  the  sands  and  gravels 
through  which  they  pass,  and  thus  accounts  for  the  greater  propor- 
tion of  salts  which  these  western  coastal  plain  waters  contain.  Yet 
a  zone  of  relatively  pure  water  extends  from  the  Ix)s  Angeles  River 
channel  to  the  head  of  Ballona  Creek  and  down  the  Ballona  Valley  to 
the  Palms,  below  which  it  is  cut  off  by  the  salt  marshes  of  the  coast. 
This  may  be  supposed  to  be  a  direction  of  relatively  free  percolation. 
To  be  strictly  reliable  as  a  guide  only  wells  of  considerable  depth 
should  be  considered  in  the  construction  of  purity  maps,  as  shallow 
w^ells  are  so  readily  contaminated  by  the  surface  accumulation  of 
alkalies.  In  the  maps  prepared  for  this  report  the  records  obtained 
from  wells  less  than  25  feet  deep  have  been  disregarded,  but  even 
w^ith  this  precaution  the  purity  zones  are  no  doubt  somewhat  influ- 
enced by  surface  conditions. 
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PUBLICATIONS  OF  UNITED  STATES  (JEOLOGICAL  SURVEY. 

[Water-Supply  Papi-r  No.  139.] 

The  serial  publioAtionH  of  the  Tnited  States  (Jeological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monojrraph?,  (3)  ProfesMional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resourcefl,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  (leologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  nunil>ered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  fn»o.    A  circular  giving  complete  lists  may  he  had  on  application. 

Most  of  the  al)ove  i)ublicati()ns  may  \h*  obtained  or  consulted  in  the  following  way: 

1.  A  limited  number  are  delivi?re<l  to  the  Director  of  the  Survey,  from  whom  they 
may  he  obtaine<l,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  <'ertain  numlxT  to  every  meml)er  of  Congress  are  allotte<l,  from  whom  they 
may  be  obtaine<l,  free  of  charge,  on  api)lication. 

3.  Other  copies  are  <lei>osite<l  with  the  Su|>erintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  Ik*  had  at  prices  slightly  alx)ve  cost. 

4.  Copies  of  all  (iovernment  i)ublications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  Unite<l  States,  where  they  may  be  con- 
fiulteil  by  those  interested. 

The  Professional  Pai>ers,  Bulletins,  and  Water-Supply  Pai)er8  treat  of  a  variety  of 
subject^,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  (ieography;  (J,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  tiuality  of  water;  M,  General  hydrographic  investiga- 
tions; X,  Water  power;  (),  Underground  water;  P,  Hydrographic  progress  reports. 
This  paf)er  is  the  forty-second  in  Series  (),  the  complete  list  of  which  follows 
(PP= Professional  Papers:  B=Bulletin;  WS  =  Water-Suf)ply  Paper): 

SKIUKS  O,  rNDKKciKorND  WATERS. 

A  rfcoTmaissiUK'c  in  >*<mtlu'iisit'ni  Wa^hiii^'ton,  by  I.  ('.  Kussell.     Ih^T.    9t>  pp..  7  pis. 
riuUTKrouiid  \vut<'rs  of  soutliwcstrrii  Kuiisay.  by  Krasimis  Ilawcirth,     1S97.    (>.')  pp..  1*2  pis. 
Sicpap'  waters  of  norlhorn  Utah,  by  .^uinut'l  Fortier.     1S97.    ^tO  i»p..  li  plj<. 
^ll(l('^^'ro^^n(l  waten*  of  scmlhrastcTn  Nebraska,  by  N.  H.  l>arton.     1S9S.     .V>  pp..  21  pis. 
WclN  iti  northern  Indiana,  by  Frank  Leven-tt.     1M9*».    H2  pp.,  2  pis. 
•2('k  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  I^'verett.    1M99.     64  pp. 
Wal«T  re'^)urees  of  the  lower  jM-ninsula  «>f  Miehigan.  by  A.  ('.  Liine.     1S99.     97  i>p..  7  pis. 
Lowrr  MiehiK»n  mineral  watt-rs,  by  A.  ('.  Iahw.     l>*i»9.     97  i)p.,  4  t»1s. 

(;»'oloj;y  and  water  resoun-es  of  u  portion  «>f  s(»iilheasten»  South  Dakota,  by  .1.  E.  Ttxi*!.     1900. 
31  pp..  19  pN. 
WS    :>:'..  (M(»loj,'y  and  watj-r  nv-ourees  of  Ne/.  I't-n'*"^  County.  Idaho,  Pt.  1.  by  I.  <'.  Kns.'*ell.     1901.    86 

pp.,  10  pN. 
WS    .'>J.  (Jeolou'y  and  wat«-r  n-Miurees  «>f  N*-/  Terees  (-ounty.  Idaho,  Tt.  II.  by  F.  <".  Kussoll.     1901. 

S7  Hipp. 
WS    .V>.  (ifolotry  and  wat<'r  n'-ourees  of  a  j.ortion  of  Yakima  County.  Wash.,  by  ii.  O.  Smith.    1901. 

♦;,s  i»p.,  7  pis. 
WS    f.7.  Preliminary  list  of  deep  IjorinK-i  in  the  I'nited  Slates.  Pt.  I,  by  N.  H.  Darton.    1902.    60  pp. 
WS    .'>9.  Development  an<l  apjilieation  of  water  in  southern  California,  l»t.  I,  by  J.  B.  Lippincott. 
litU2.     9')  pp.,  11  pis. 

X 


WS 

1. 

WS 

r>. 

WS 

7. 

WS 

12. 

WS 

21. 

WS 

•2(k 

WS 

•M). 

WS 

'M. 

WS 

34. 

II 


ADVKKTISKMKNT. 


WS    TiO,  HevvlMjirnont  iiml  ii|.plUMtlon  of  wali-r  in  snuihiTii  ('HUftiniln,  I'l.  II,  by  J.  B.  LippincotL 

I'.Mi-J.    \n\-\  10  pp. 
^\S    »»l.  rrflimiimry  list  «>f  <l«'iM)lH)riu»r<  in  tin?  I'Tiiml  stntos.  I't.  II.  hy  N.  11.  Durtoii.     1JH«.    U  pp. 
WS   iJT.  Thv  iiiotionsiif  nntliTjrrouml  \vat«T<.  I'V  l".  S.  sliihitT.     l'H)2.    lw»  pi>..  s  jils. 
li     IW.  r;»'ology  1111(1  wjUjt  rcsoiinvs  of  the  .»^Mjiki'  Kivi-r  IMnins  of  Idaho,  hy  J.C  Rns**ell.     19»>2.    192 

pp..  If.  pis. 
\\>!   77.  W.iC^T  n'MMirci'-Jof  Molokai,  Iliiwiiiiiin  IsIiukIs.  Iiy  \V.  Iiin(l>rn*n.     IWW.    r>2  ]>p..  4  pis. 
\V.*^   7«.  rrcliniinary  rrp«irt  oniirif-i«n  Imsin^in  vcnnhut-'-trrn  MahoitTid  Hmthca'^trrn  (>rvRoTi,  by  1. 1\ 

T:ns'.ell.     I'.Mi;'..    .V,  ]»ji..  'J  jil*.. 
VV    17.  rn-liniinary  tv\-^ti  on  tlu-  jit'olouy  jinil,wai«r  r-'wuirci'S  of  Nebraska  wvsx  of  tlu*  onr-  hundred 

nntl  Ihinl  nicridian.  by  N.  11.  Darion.     linuij"  «;•.»  pp..  4:i  pl>. 
W.S    '.N).  <;c<>lo},'y  anil  watt-r  n>«<tiun'<^«ii  «  |Nirt  of  tin.'  luwcr  .laini-s  River  Valley,  South  Pakotii,  bf 

.1.  K.  Torbl  and  r.  M.  Hall.     tMM.     17  pp..  SS  pK 
WS  101.  Tn«U'ivroiind  waterf  of  siaithcrn  I.,oMii|liina^bf  .<i.  I>.  Harris,  with  di^Mir<siunh  ni  th»*lr  lu-e^  for 

water  mipplii's  and  for  fire  irriKaliorrby  ^f.■L.  Kulh-r.     1W4.    «J*<  pp..  11  pl.s. 
WS  10-2.  ('oniril.utit)nt  to  the  liydri»lo»y  of  i-astern  I'nited  States*.  19(»;;,  by  M.  L.  Fuller.     PJlM.    .V22  pp. 
WS  101.  lTnil«T),'n»nnd  waters  tif  (iila  Valley.  Arizona,  liy  W.  T.  U-e.     liKM.    71  pp..  r>  pis. 
WSllO.  c\)ntributii»ns  to  the  hydroloj,'y  of  «'ast«'rn  I'nited  States,   VMU:  M.  L.  Fnllur,  ge<jlogit(t  In 

eliaiv:e.     I'.HH.    211  pp..  ■'•  pN. 
IT    :;•_'.  (ii'ohijfv  iiiiil  nn«ler»rnmnd  water  re«*iiiirceN  of  theeentrai  <ireal  riains.  by  N.  H.  harton.     1904. 

i:;:i  pp..  7J  pis. 
WS  111.  rreliininary  rep«>rt  «»n  uinlerj^nintid  waters  nf  WashinjrtoM.  h\  Henry  I^jindes.     liiW.    85  pp., 

1  pi. 
WS  112.  rndiTtlow    tests   in   tin*  (Iraina^e   ba«*in   of   Los   An>,'ele>   liiver.  by  Homer  Hamlin.     Ui(M. 

.V,  pj...  7  pis. 
WS  111.  rmlerwronnd   waters  of  easli-rn   I'ldtetl  Stute>:  M.    L.  Full-r,   j:et»logist   in   ehnrKO.    ISW. 

2S.'>  jip..  Is  pis. 
WS  U.K.  (;e«ilii>ry  ami  water  resonp'e*-  of  east-central  Wa<hini.Mon.  by   \\  ('.  Calkins.     iyor>.    %  pp., 

1  pis. 
H     2.VJ.  rreliniinary  rijKirt  on  the  j^enlojry  and  water  res«air«'e-  of  central  Orejron,  by  I.  {'.  Kusn.*II. 

VM\     i:iHpp..  Jl  pis. 
WS  120.  Kibliofjraphie  review  and  index  i»f  iwijkts  relating;  to  nnden:ronnd  waters  publi^h(.*d  b)'  the 

I'nite'l  States  <;ctili»Ki<al  Survey,  Is7«.»-1M:M.  by  M.  b.  Fuller.  li«05.  12><  pp. 
WS  1-2.  Uilatioii  nf  the  law  to  nn«ler;;roun«l  waler>.  by  1».  W.  .Inlnwm.  iyO.>.  .V>  pp. 
WS  12;'<.  <ieiilii;,'y  and  under^Tonnd  water <'onditions  of  tin-  .lornada  del  Mnerto.  New  Mcxiri>.  byC.  R. 

Ke\es.     lyof).     12  jip.. '.»  pis. 
WS  l.:t;.  rnderuTonnd  water**  of  the  Salt  Ki\er  Valley,  by  W.  T.  Lee.     liUVTi.    —  pj».,  24  pl.n. 
H     2«;i.   Ibei.ril  oi  .b-.p-wi-ll  drilling'  for  l»«»l.  »>>  M.  L.  Fuller,  i:.  K.  Liui's.  and  A.  ('.  Veateh.     1905. 
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United  States  Geological  Survey, 

Hydrooraphic  Branch, 
Washington^  D.  CI,  August  10^  190 If,. 
Sir:   I  tnmsmit  herewith,  for  publication,  a  manuscript  entitled 
"Field  Measurements  of  the  Rate  of   Movement  of   Underground 
Waters,"  prepared  by  Prof.  Charles  S.  Slichter,  professor  of  mathe- 
matics. University  of  Wisconsin. 

The  paper  presents  an  araplitied  exposition  of  the  method  of  measur- 
ing the  movement  of  underground  waters  which  was  devised  by  Pro- 
fessor Slichter  in  1901  while  working  for  the  hydrographic  bmnch  of 
the  United  States  Geological  Survey  and  which  has  been  already 
briefly  descri})ed  in  Water-Supply  Paper  No.  67, 1902.  Descriptions  of 
the  apparatus  invented  by  him  for  the  laboratory  study  of  wells  con- 
trolling horizontal  and  vertical  movements  of  underground  waters  and 
the  results  of  these  studies  are  also  presented.  The  laboratory  studies 
are  also  suppl(»mented  by  detailed  accounts  of  several  investigations 
made  in  the  Held. 

This  paper  should  be  interesting  and  valuable  to  engineers  and  geolo- 
gists, and  the  direct  application  of  the  results  to  the  study  of  problems 
of  vital  interest  to  the  users  of  artesian  waters  should  be  of  great 
pmetical  value  to  the  general  public.  A  very  suggestive  and  interest- 
ing description  of  the  California  method  of  sinking  ''stovepipe"  wells 
deserves  the  attention  of  drillers  in  unconsolidated  deposits  through- 
out our  country,  while  the  description  of  the  carefully  made  tests  on 
typical  pumping  plants  in  Texas  and  New  Mexico  should  appeal  to 
eii^^ineers  and  others  who  are  interested  in  the  problem  of  raising 
water  for  irrigation  or  other  purposes. 
Very  respectfully, 

F.  H.  New^ell, 

Ch  U'f  Engineer. 
Hon.  CiiAKLKs  1).  Walcott, 

l)ini't(/r  (iutril  Sfdtts  (reohnjiral  i^urretj. 


FIELD  MEASUREMENTS  OF  THE  RATE  OF  MOVEMENT 
OF  UNDERGROUND  WATERS. 


Bv  Charles  S.  Slighter. 


INTRODUCTION. 

The  following  paper  describes  the  method  and  apparatus  used  in 
measuring  the  velocity  of  underground  waters  and  gives  the  results  of 
field  work  done  with  the  apparatus  in  various  parts  of  the  United 
States,  under  authority  of  the  hydrographic  branch  of  the  United 
Stiites  Geological  Survey.  The  method  used  in  making  the  measure- 
ments was  devised  by  the  writer  after  preliminary  tests  along  the 
Arkansas  River  in  western  Kansas  during  the  summer  of  1901.  This 
preliminary  work  indicated  that  it  was  practicable  to  measure  the  rate 
of  flow  of  ground  waters  by  the  use  of  very  simple  apparatus.  Several 
determinations  of  the  rate  of  movement  of  the  underflow  of  the 
Arkansas  were  made  during  that  summer.  These  measurements,  it  is 
hclicvrd,  constitut^jd  the  first  direct  determinations  of  the  rate  of  flow 
of  ground  water  that  had  been  made  in  this  country.  This  preliminary 
work  was  done  in  tlie  neighborhood  of  Dodge,  Kans.,  and  at  one  or 
two  points  near  Garden,  Kans.  The  photographs  reproduced  in  PI.  1 
show  the  locations  of  the  first  successful  stations,  which  were  estab- 
lished near  Garden,  Kans.  A  brief  description  of  the  electrical 
method  of  measuring  the  velocities  of  underground  waters  resulting 
from  this  preliminary  investigation  was  printed  in  the  Engineering 
News  of  February  20,  1902,  and  in  paper  No.  67  of  the  Water-Supply 
and  Irrigation  series  of  the  United  States  Geological  Surve}'.  Since 
then,  as  the  result  of  work  carried  on  in  the  field  and  in  the  laboratory, 
the  apparatus  has  been  gradually  improved,  and  its  present  form  is 
described  in  these  pages. 

The  paper  will  also  include  some  determinations  of  the  manner  and 
rate  of  How  of  water  into  tubular  wells,  and  descriptions  of  methods 
and  simple  apparatus  designed  to  accurately  estimate  the  capacity  of 
such  wells. 

9 


CHAPTER  I. 

THE  CAPACITY  OF  A  8AXD  TO  TRANSMIT  WATER. 

FACTORS  INFLUENCING    FLOW. 

The  general  laws  governing  the  flow  of  water  through  a  niaiss  of 
sand  or  gravel  have  been  described  })v  the  writer  in  another  paper,** 
and  will  not  be  repeated  in  this  place.  It  is  suflicient  to  state  that 
experiments  show  that  the  flow  of  water  in  a  given  direction  through 
a  column  of  sand  is  proportional  to  the*  difi'erence  in  pressure  at  the 
ends  of  the  column,  and  inversely  proportional  to  the  length  of  the 
column,  and  is  also  dependent  upon  another  factor,  called  the  trans- 
mission constant  of  the  sand. 

TRANSMISSION   CONSTANT. 

The  resistance  otfei-ed  by  sand  or  gravel  to  the  flow  of  water  w^hich 
is  percolating  through  it  is  very  great.  The  water  is  obliged  to  pass 
through  very  small  pores,  usually  capillary  in  character;  indeed,  they 
are  much  smaller  in  cross  section  than  the  soil  particles  l)etween  which 
they  pass.  If  the  particles  of  sand  or  gravel  which  make  up  the  wator- 
Ijearing  medium  are  well  rounded  in  form  tlui  pores  are  somewhat 
triangular  in  cross  section  and  the  diameter  of  the  individual  pores 
is  only  one-fourth  to  one-seventli  the  diameter  of  the  soil  particles 
themselves.  Thus  if  the  individual  grains  of  sand  average  1  milli- 
meter in  diameter  the  pores  through  whicli  the  water  nuist  pass  will 
average  only  one-fourtli  to  one-seventii  of  a  millimeter  in  diame- 
ter. If  to  a  mass  of  nearly  uniform  sand  i)articl(\s  larger  i)articles  be 
added  the  elTect  on  the  resistance  to  the  flow  of  water  will  Ik?  one  of 
two  kinds,  depending  principally  upon  the  ratio  wliich  the  size  of  the 
particles  added  bears  to  the  average  size  of  grains  in  the  original  sand. 
If  the  particles  add(»d  are  only  sliglitly  larger  tiian  the  original  sand 
grains,  the  etfect  is  to  increase  the  capacity  of  the  sjind  to  transmit 
water,  and  the  more  particles  of  this  kind  that  are  added  the  greater 
will  be  the  increase  in  the  capacity  of  the  sand  to  transmit  water.  If, 
however,  largt*  particles  are  add(Kl,  the  ett'ect  is  the  reverse.  If  par- 
ticles seven  to  ten  times  the  diamett^r  of  tlu»  original  sand  grains  be 
add(Ml,  each  of  the  new  particles  tends  to  block  the  course  of  the 

•t'riu'  motions  of  tnHUTKn)ii]Hl  uiilrrv:  WnliT-Siii*.  uimI  Irr.  Paper  No.  tl7,  V.  S.  Uml.  Survey,  l'J(rj. 
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water.  Thus,  for  example,  a  large  bowlder  placed  in  a  mass  of  fine 
saud  will  tend  to  block  the  piissage  of  the  water.  As  more  and  more 
of  the  large  particles  are  added  to  a  mass  of  uniform  sand,  the  rate  of 
flow  of  water  through  it  will  be  decreased  until  the  amount  of  the 
large  particles  equals  about  30  per  cent  of  the  total  mass.  From  this 
time  on  the  adding  of  the  large  particles  will  increase  the  capacity  of. 
the  whole  to  transmit  water  until,  if  a  very  large  quantity  of  the  large 
particles  be  added,  so  that  the  original  mass  of  fine  particles  becomes 
relatively  negligible,  the  capacity  to  transmit  will  approach  that  of  the 
mass  of  the  large  particles  alone.  These  facts  have  an  important  bear- 
ing upon  the  capacit}^  of  gravels  to  furnish  water  to  wells  or  to  trans- 
mit water  in  the  underflow  of  a  river.  The  presence  of  large  particles 
is  not  necessarily  to  be  intei-preted  as  indicating  a  high  transmission 
capacity  of  the  material,  for  this  is  indicated  only  when  the  large  par- 
ticles constitute  a  large  fractional  per  cent  of  the  total  mass,  as  would 
be  the  ca^e  where  the  large  particles  ecjual  40  or  50  per  cent  of  the 
whole. 

The  capacity  of  any  sand  or  gravel  to  transmit  water  can  be  expressed 
})y  means  of  a  single  numlwr  which  is  called  the  transmission  constant  of 
the  soil.  This  constant  is  defined  to  be  the  amount  of  water  transmitted 
in  unit  time  through  a  cylinder  of  the  soil  of  unit  length  and  unit 
cross  section  under  unit  diflference  in  head  at  the  ends.  For  example, 
if  the  foot  and  minute  be  the  units  of  length  and  time,  and  if  a  column 
of  siuid  1  scjuare  foot  in  cross  section  and  1  foot  in  length  will  trans- 
mit I  cubic  foot  of  water  a  minute  under  a  difference  in  head  of  1  foot 
of  water,  the  transmission  constant  is  1.  The  transmission  constant  of 
a  soil  varies  very  greath^  with  the  size  of  the  individual  grains  con- 
stituting the  sand  or  gravel,  and  also  depends  in  a  marked  degree 
upon  the  porosit}-  or  anioiuit  of  open  space  in  the  soil.  Table  1,  here- 
with, gives  the  transmission  constants  for  a  variety  of  sizes  of  soil 
grain  and  for  a  series  of  porosities  varying  from  80  to  40  per  cent. 
This  table  is  computed  for  a  temperature  of  the  water  of  GO^  F.  An 
auxiliary  table.  Table  11,  is  one  from  whiclithe  transmission  constants 
corresponding  to  other  temperatures  can  readily  be  foiuid. 

Transmission  constant  /■  is  the  (luantity  of  wat(»r,  nu»jisured  in  cubic 
feet,  that  is  transmitted  in  one  niinut<»  through  a  cylinder  of  the  soil 
1  foot  in  l(Migtli  and  1  square  foot  in  cross  section,  under  difference 
in  h(»a(l  at  the  (mkIs  of  1  foot  of  water. 

The  tabulated  nunilKM's  express  the  transmission  constant  in  cubic 
feet  pel  minute. 
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Table  I. — Traivmiixxion  coualantu  from  which  the  velocihj  of  voter  in  sands  of  various 
effective  sizes  of  grain  can  be  obtained. 

Tabic  eompiited  for  tempemtun*  of  60°  F.;  rosulUi  for  cither  temperatures  can  be  found  by  the  uj»e  of 

Table  II.] 


Diamc-' 

terof  I 

soil    I  ]  - 


I'orosity. 


0.01 
.02 
.03  ■ 
.04  j 
.05  I 
.06  I 
.07  I 
.08  , 
.09  . 
^.10  I 
.12  1 
.14  j 
.15  I 
.16  1 
.18  j 
.20'! 
.25 

35  \ 
.40  I 

50 

.55  i 
60 

.70 ; 
.75' 

.80  ' 

.85 

.90 

.95 

1.00 

2.00 

3.00 

4.00 

5.00 


0.  000033 
.000131 
.000296 
.  000527 
.  000822 
.001182 
.001610 
.002105 
.002660 
.003282 
.004725 
.006430 
.  007390 
.  (K)8410 
.01064 
.  01315 
.02050 
.  029(50 
.  04025 
.  a5270 
.06650 
. 08220 
. 09940 
.1182 
.  1390 
.1610 
.1850 
.  2105 
.  2375 
.2660 
.2965 
.  3282 

1.315 

2.960 

5.  270 

8.220 


0.000040 
.000162 

.001012 
.001458 
.001983 
.  002590 
.  0a3280 
.  004050 
. 0058») 
.  (X)7940 
.009120 
.010:W 
.01311 
. 01620 
. 02530 
.  ()3()40 
.  049(>0 
.  0()480 
. 08200 
.1012 
.  1225 
.  1458 
.  1710 
.  1983 
.  2278 
.  2r)iH) 
.  2925 
.  3280 
.  3(>50 
.  4050 

1.620 

3.  ()40 

6.  4S0 
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t         ' 
31  IKT  cent. 

1  0.(XXX)50 
.000198 
.(X)04460 
'  .(KK)7940, 
.(K)1240 
.001784 
I  . 002430 
.003175 
.004018  , 
!  .  0O49(K) 
I  .007130 
I  .  009720  I 
.01115  ■ 
I  .01268  ' 
I  .  0UK)5  i 
.01983  I 
.031(K) 

. 04460 

i 

.  0()075 
I  . 07940 
I  . 1005   ' 

. 1240   ' 

I 

:   .  1500    j 

I  .1784 
•  .  2095 
.  2430 
I  .  2785 
,  .3175 
'  . 3580 
I  .4018  ' 
1  . 4470  1 
I  .  49()0   ' 

1.9S3 

4.  460 

7.940 
12.40 


3('»  inT  cent.  3H  irt  cent. 

I 


0. 


000060 

000239 

(K)05:W 

0(X)<)58 

001495 

002150 

002930 

(K)3825 

(K)4845 

005980 

(K)8(>20 

01172 

01345 

01531 

01940 

02390 

03740 

05:}S0 

07330 

0<)575 

1211 

1495 

1810 

2150 

2.");;o 

2930 

:{365 

3825 

4325 

4845 

54(K) 

5980 

390 

380 


I 


95 


I  0.000072 

.  (X)028(5 

.  0(XX>45 

.001145 

I  .00171K) 

i  CiX)2580 

.oo;y>io 

.  (XM585 
.  005800 
.(X)7170 

I  .  01032 

I  .014(H 
.01611 

I  .01835 
. 02320 

I  .  02865 
. 04480 
.06450 
.  OS790 
.1145 

I  . 1450 
.  1780 
.2U\b 

,  . 2580 
.3030 
.3510 
.  4030 
.  45S5 
.5175 
.  5H00 
.  6460 
.7170 
2.  S(>.5 
6.  450 

1 1 .  45 

17.90 


40  per  cent. 
0.000085 

.ooo:^» 

.  000763 
.001355 
.002120 

.  (m(m 

.004155 
.  (X)5425 
.00(>860 
. 008480 
.01220 
. 01662 
.  01910 
. 02170 
.02745 
.03390 
.  05300 
.  07^30 
.010.39 
.  1355 
.1718 
.2120 
.  25<)5 
.  3050 
.  :y)80 
.4155 
.4770 
.  5425 
.6125 
.  (i8(>0 
.  7650 
.  8480 
3.  390 
7.  630 

13.55 

21.20 


Kind  of  mil. 


KSilt. 


Very   fine 
8aiid. 


Fine  sand. 


Medium 
sand. 


^C/  0  a  r  s  e 
sand. 


Fine  prav- 
^     el. 
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Table  II. —  Variation,  with  th^  temj)eraturej  of  the  flow  of  water  of  various  temperatures 
through  a  «am/,  60°  F.  being  taken  as  the  standard  temjyerature. 


Temperature. 

Relative 
flow." 

°/'. 

Prr  cntt. 

32 

0.64 

35 

.67 

40 

.73 

45 

.80 

50 

.86 

55 

.93 

60 

1.00 

65 

1.08 

Temperature. 


! 


Of. 


70 
75 
80 
85 
90 
95 
100 


Relative 
flow." 


Prr  cent. 
1.15 
1.23 
1.30 
1.39 
1.47 
1.55 
1.64 


""Relative  flow"  means  flow  at  given  tempeniture  compared  with  flow  at  60°  F.    It  is  expreaned 
as  a  percentage. 

It  should  be  borne  well  in  mind  that  the  rate  of  ti*ansmission  varies 
very  greatly  with  the  temperature  of  the  water.  For  example,  a 
change  from  50^  to  60-"  increases  the  capacity  to  transmit  water  under 
identical  conditions  by  about  IB  per  cent,  while  a  change  from  the 
freezing  temperature  to  a  temperatui-e  of  75^  will  nearly  double  the 
j)owor  of  a  soil  to  transmit  water.  This  difference,  of  course,  is  not 
due  to  any  change  in  the  soil  itself,  but  is  due  solely  to  the  increased 
ease  with  which  water  flows  at  high  temperatures  compared  to  the  ease 
with  which  it  flows  at  low  temperatures.  The  transmission  constant  of 
ji  sand  can  also  be  obtained  by  use  of  the  diagram  given  in  PI.  II. 
(iraduated  vertical  lines  will  be  found  in  this  diagram  corresponding 
to  the  diameter  of  the  soil  grains  (rf),  the  amount  of  water  trans- 
mitted (y),  the  hydraulic  gradient  («),  and  the  porosity  of  the  soil  (m). 
The  graduated  line  marked  U\h  an  auxiliary  scale.  The  number  d  is 
expressed  in  millimeters,  and  y  is  expressed  in  cubic  feet  per  minute. 
The  liydraulic  gradient  f<  is  (expressed  as  a  percentage.  A  slope  of  the 
ground  wat(M-  equal  to  2  feet  in  100  feet  appears  in  the  diagram  as 
hydraulic  gradient  0.02  and  a  slope  of  o2S  feet  per  mile  appears  as 
0.  lo.  Tli(^  porosity,  ///,  also  appi^ars  in  the  diagram  as  a  percentage. 
The  porosity  or  amount  of  voids  in  a  sand  will  usually  lie  between  25 
and  4*)  per  cent  of  the  total  volume. 

The  diagram  is  used  as  follows:  Su])pose  that  the  amount  of  water 
trnnsmitted  by  a  sand  per  sciuaro  foot  of  cross  section  is  desired,  if  the 
efl'ective  size  of  soil  grain  is  0.55  millinieter,  the  hydraulic  gradient 
2  feet  in  10(^  fe(4,  and  the  porositv  is  'MS  per  cent.  Apply  a  ruler  or 
straight  edge  (the  iH\^^  of  a  piece  of  letter  paper  will  do)  to  the  dia- 
gram, passing  through  th(»  mark  0.55  on  d  and  the  mark  0.02  on  .«?. 
The  edge  of  the  ruler  will  locate  a  point  0.47  on  ?/,  the  exact  location 
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of  which  should  be  noted.  Then  move  the  ruler  so  that  it  will  pass 
through  this  same  point  on  U  and  through  the  mark  36  on  m.  The 
place  whore  the  ruler  crosses  the  line  q  (0.0036),  will  give  the  discharge 
in  cubic  feet  per  minute.  The  diagram  gives  results  based  upon  the 
assumed  temperature  of  the  water  of  60^  F.« 

If  any  three  of  the  four  magnitudes  d^  q^  s^  m  are  known,  the 
remaining  one  can  be  found  in  a  manner  similar  to  the  above. 

The  removal  of  larger  particles  from  a  mixed  sand  may  not  only 
increase  the  transmission  constant  in  tlie  manner  de^scribed  above,  but 
such  removal  may  also  increase  the  transmission  capacity  by  permit- 
ting the  remaining  sand  to  pack  in  a  more  open  manner,  as  would  be 
shown  by  an  increased  porosity.  Tables  II  and  III  give  results  which 
show  that  the  removal  of  the  larger  grains  from  a  sand  does  not  nec- 
essarily decrease  the  transmission  constant,  but  may  even  increase  it. 
The  results  given  in  Table  III  were  o})tained  by  successively  removing 
the  larger  particles  from  a  mass  of  sand  by  means  of  standard  sieves, 
and  then  determining  the  porosity,  effective  size/  and  transmission 
constant  for  the  finer  material  passing  through  the  successive  sieves. 
The  gi-avel  represented  by  Table  III  consisted  of  a  mixture  of  all  sizes 
of  grains,  from  very  tine  grains  to  bowlders  2  feet  in  diameter.  All 
pieces  larger  than  1  inch  in  diameter  were  discarded  before  the  results 
shown  in  Table  III  were  obtained.  It  is  interesting  to  note  that  the 
93.4  per  cent  of  the  totjil  sand  passing  through  sieve  2  (2  meshes  to 
the  inch)  did  not  have  as  large  an  effective  size  as  the  74.2  per  cent 
which  passed  through  sieve  20  (20  meshes  to  the  inch). 

Table  III  is  derived  from  a  heach  sand.  The  54.3  per  cent  of  this 
sand  which  passed  tiirougb  sieve  10  has  u  snialliM'  transmission  constant 
than  the  36. S  per  cent  whici)  passed  through  sieve  14. 

The  following  table  shows  the  effect  of  removing,  by  means  ot 
standard  sieves,  the  coarser  portions  of  a  natunil  Arizona  gravel. 
The  data  in  cohunns  2,  3,  4,  5,  and  6  apply  to  that  portion  of  original 
sample  that  passed  the  sieve  named  in  column  1. 

«The  diagram  was  eoinputcd  and  drawn  for  the  writer  by  J.  1).  Suler.  of  the  Univert<ity  of  ^Vi^^consln. 

^Tlie  fffirthr  )?izt'  of  a  sample  of  sand  is  siieli  n  number  that  if  all  grains  were  of  that  diameter 
the  sand  would  have  the  same  transmission  eapaeily  that  it  a<'tually  has.  It  is,  therefore,  the  true 
mean  or  avemge  size  of  sand  grain  in  that  sample. 
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Table  III. — Effect  of  removing  coarser  portions  of  field  gravel, 

1.  2.  1  3. 


I  Quantity  of 
No.  of  Kievc.  I      sravel 
I     passiiig. 


DiflTerences 
of  numbers 
in  column  2. 


4. 

Poroeity  of 
portion 
passing. 


Effective 
Rize. 


Transmis- 
sion con- 
stant at  SQOF. 


Meshes  to 
inch. 

2 

8 
10 
12 
14 
16 
18 
20 
80 
40 


Per  cent  of  to-  Per  cent  of  to-- 
tal  weight.       tal  weight.    ' 


93.4 
No  data. 
83.7 
82.6 
80.3 
78.0 
76.4 
74.2 
55.9 
32.  2 


6.6 


9.7 
1.1 
2.3 
2.3 
1.6 
2.2 
8.3 
23.7 


Per  cent. 
38.1 
40.0 
38.6 
40.3 
39.5 
39.7 
39.6 
40.6 
41.0 
40.6 


Mm. 

0.325 
.320 
.282 
.304 
.282 
.282 
.277 
.317 
.250 
.187 


Cubic  feet  per 
mimite. 

0.102 

.120 

.080 

.108 

.086 

.088 

.085 

.119 

.076 

.042 


Tho  following  Uible  shows  the  effect  of  removing  by  means  of  stand- 
ard sieves  the  coarser  portions  of  a  natural  beach  gravel.  The  data  in 
cohinins  2,  3,  4,  5,  and  6  apply  to  that  portion  of  original  sample  that 
passed  sieve  named  in  column  1. 

Tahi.k  I  \^ — Ejfcct  of  remnring  coarser  portions  of  a  beach  gravel. 


No.  of  sieve. 

Mt»ht'JS  to 
inch. 

Total 
sample. 

10 

12 

14 

IG 


Quantity  of 
gravel 
passing. 


DifTerenecs 
of  numbers 
in  column  2. 


tal  weight. 

100.0 
54.3 
47.6 
36.  8 
31.4 

18 1  No  data. 

20 25.  6 


Ptr  cait  of  to-  Per  cent  of  to- 


tal weight. 


45.7 
6.7 

10.8 
5.4 


5.8 


4. 

5. 

Porosity  of 
portion 
passing. 

Effective 
size. 

Per  cent. 

Mm. 

37.8 

0.810 

40.0 

.634 

41.7 

.640 

41.7 

.603 

42.6 

.539 

43.5 

.520 

43.5 

.494 

Transmis- 
sion con- 
stant at  72°  F. 


Cubic  feet  per 
minute. 


0.529 
.390 
.457 
.406 
.348 
.348 
.314 


CHAPTER    II. 

UNDERFIiOW  METER  USED  IK  MEASURING  VEIiOCIT  Y  AND 
DIRECTION  OF  MOVEMENT  OF  UNDERGROUND  WATERS. 

TYPES  OF  APPARATUS. 

The  apparatus  used  is  of  two  types:  (1)  Direct  reading,  or  hand 
apparatus,  requiring  the  personal  presence  of  the  operator  everj^  hour 
for  reading  of  instruments,  and  (2)  recording  apparatus^  which 
requires  attention  but  once  in  a  day.  Both  forms  are  described  in  this 
chapter.  The  arrangement  of  the  test  wells  and  manner  of  wiring 
the  wells  is  essentially  the  same  for  both. 

TEST   WELLS. 

The  test  wells  suitable  for  use  w  ith  the  underflow  meter  in  deter- 
mining the  velocity  of  ground  waters  may  be  common  l^-iuch  or  2-inch 
drive  wells  if  the  soil  is  easily  penetrated  and  if  the  depths  to  be 
reached  do  not  exceed  50  to  75  feet.  For  greater  depths  and  harder 
soil  wells  of  heavy  construction  should  be  used.  The  l^-inch  drive 
wells  are  much  preferable  to  the  li-inch  wells  because  of  the  fact 
that  H-inch  pipe  is  lap  welded,  while  the  li-inch  is  butt  welded, 
and  less  capable  of  standing  severe  pounding.  The  drive  point  used 
with  the  well  may  be  li-inch  standard  brass  jacket  well  points,  42  to 
48  inches  long,  with  No.  00  brass  gauze  stminer.  The  well  points 
should  be  threaded  with  1^  inches  of  standard  thread,  somewhat  more 
than  is  usually  found  on  the  trade  goods.  The  pipe  should  be  full 
weight  strictly  wrought-iron  standard  pipe,  cut  in  lengths  of  6  or  7 
feet,  and  threaded  li  inches  at  each  end.  The  couplings  should  be 
wrought-iron  hydniulic  recessed  couplings,  and  the  thread  on  the  pipe 
should  be  cut  in  such  a  way  that  when  properly  screwed  up  the  ends 
of  the  pipe  will  abut.  The  recessed  couplings  protect  the  pipe  at  its 
weakest  point,  while  an  ordinary  coupling  will  leave  exposes!  a  thread 
or  two  of  the  pipe  so  that  severe  driving  is  liable  to  swell  and  ulti- 
mately rupture  the  pipe  just  above  the  coupling.  Fig.  1  represents  a 
hydraulic  coupling,  showing  a  properly  made  joint. 

The  driving  head  should  be  made  of  rolled  steel  shafting  and  should 
be  about  4  inches  long,  carr\'ing  H-inches  standard  thread  and  an  air 
hole  to  permit  the  free  escape  of  air  from  the  well  while  the  driving 
16 


HLICHTKB.] 


TEST    WELLS. 


17 


is  in  progress.  A  driving  ram  for  putting  down  the  drive  wells 
should  be  about  5^  feet  long  by  5i  inches  in  diameter,  made  of  heavy 
oak  or  other  tough  wood,  with  iron  bands  shrunk  on  the  ends,  and 
bearing  two  handles  of  hard  wood  at  each  end  in  order  to  facilitate 
the  handling  of  the  ram  by  two  men.  It  is  convenient  to  have  these 
handles  placed  one  about  1  foot  from  one  end,  and  the  other  about  2 
feet  from  the  other  end.  By  reversing  the  ram  the  handles  are 
brought  in  a  more  convenient  position  for  driving  as  the  well  goes 
down. 

PI.  Ill,  A  illustrates  the  method  of  putting  down  drive  points.  If 
the  test  wells  are  to  be  sunk  to  a  depth  exceeding  that  to  wiiich  drive 
points  can  be  readily  driven,  open-end  2-inch  pipe  should  be  used. 
These  wells  should  be  made  with  full  weight  strictly  wrought-iron 
2-ineh  pipe  with  long  threads  and  recessed  hydraulic  couplings,  as 
described  above.  The  pipe  can  either  be  put  down  without  a  screen, 
in  which  case  a  li-inch  well  point  with  turned  coupling  may  be  inserted 
through  a  drive  shoe  at  the  bottom  of  the  casing  after  the  pipe  is 


Fig.  L— IMpe  joint  made  with  hydraulic  coupling.    This  joint  will  Ht^md  hard  driving. 

driven  into  plac^e,  or  an  open-end  brass  jacket  well  point,  48  inches 
long,  may  be  put  down  with  the  pipe.  The  pipe  should  be  driven  into 
place  with  a  cast-iron  ram  varying  in  weight  from  150  to  250  pounds, 
simultaneously  hydraulicking  a  passage  for  pipe  with  water  jet  in 
thrce-fourths-inch  wash  pipe.  There  are  many  hand  rigs  on  the  market 
suitable  for  this  work,  or  a  rig  can  be  readily  constructed  by  any  good 
mechanic.  Such  a  rig  is  shown  in  PI.  VI,  A,  A  suitable  pump  for 
the  hydraulic  jet  is  a  double-acting  horizontal  force  pump  with  a 
4-  by  4i^-inch  cylinder.  If  the  material  in  which  the  well  is  to  be 
drilled  is  not  too  hard  nor  too  full  of  bowlders,  the  writer  recommends 
that  an  open-end  well  point  be  put  down  with  the  casing.  This  is 
apt  to  cause  some  difficult}^  in  the  proper  working  of  the  hydraulic 
jet,  by  the  escape  of  water  through  the  screen  of  the  well  point.  This 
difficulty  can  be  obviated  and  a  more  powerful  wash  secured  b}"  admit- 
ting a  considerable  quantity  of  air  along  with  the  water  at  the  suction 
end  of  the  force  pump.  The  exact  amount  of  air  to  be  admitted  can 
IRR  140—05 2 
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be  roadily  determined  with  a  little  experience.  The  effect  of  the  air 
entering  the  well  under  high  pressure  is  to  form  a  powerful  air  lift 
which  will  throw  the  water  and  gmvol  out  of  the  top  of  the  well  easing 
with  great  force.  It  has  been  the  writer's  experience  that  the  best 
hydraulic  samples  are  obtained  with  the  combination  hydraulic  pneu- 
matic jet.  If  the  hydraulic  jet  alone  is  used  the  coarser  particles  have 
a  tendency  to  remain  at  the  bottom  of  the  well. 

After  a  test  is  con)pletod  the  well  casing  can  readily  be  pulled  !)y  a 
No.  2  cast-iron  pipe  puller  and  two  5-ton  railroad  jacks.  Sets  of  dies  for 
the  pipe  puller  to  fit  both  H-  and  2-inch  pi|)c  can  be  obtained  at  small 
cost.  PL  III,  B^  shows  the  opemtion  of  the  pipe  puller  and  railroad 
jacks. 


Pig.  2.— Plan  of  arraiiKenn'iit  of  tost  wells  iwwl  in  dotcrmining  the  velocity  and  direction  of  motion 
of  ground  water:  A.  B.  (\  I)  are  the  test  welhs.  The  direction  A-C  is  tlie  diret^tiou  of  probable  motion 
of  the  ground  water.  The  <limensions  given  in  plan  '/  are  suitable  for  depths  up  to  about  25  or  30 
feet,  those  in  plan  h  for  depths  up  to  alumt  To  £«•♦■!.  For  greater  depths  the  distances  A-B.  A-C, 
A-D  should  be  increased  to  «)  or  10  feet,  and  the  distanct-s  B-C  and  C-1)  to  4  feet.  The  well  A  ij*  the 
"salt  well"  or  well  into  which  tlie  electrolyte  is  placed. 

The  test  wells  arc  driven  in  groups,  as  shown  in  fig.  ii,  each  group 
of  wolls  constituting  a  single  station  for  the  measurement  of  the  direc- 
tion and  rate  of  flow  of  the  ground  water.  In  ease  the  wells  are  not 
driven  deeper  than  25  feet,  the  *' upstream"  or  "salt  welF' A  is  located, 
and  three  other  wells,  B,  C,  and  D,  are  driven  at  a  distance  of  4  feet 
from  A,  the  distance  between  \\  and  C  and  C  and  D  being  about  2 
feet.  The  well  C  is  located  so  that  tlit^  line  from  A  to  C  will  coincide 
with  tli(^  probable  direction  of  the  expected  ground -water  movement. 
This  direction  should  coincide,  of  course,  with  the  local  slope  of  the 
water  plant*,  and  if  this  is  not  accurately  known,  it  should  be  deter- 
mined by  means  of  leveling  with  a  level.  For  din^per  work  the  wells 
should  be  located  farther  apart,  as  shown  in  the  right  portion  of 
lig.  2.  For  depths  exceeding  75  feet,  a  radius  of  8  or  9  feet  and 
chords  of  4  feet  should  ])e  used,  the  general  requiremtMit  being  that 
the  welly  should  be  aa  close  together  as  possible,  so  as  to  cut  down  to 
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a  miniiDum  the  time  required  for  a  single  measurement,  but  not  so 
close  that  important  errors  are  liable  to  be  introduced  by  the  inability 
to  drive  the  wells  perfectly  straight  and  plumb.  On  this  account  the 
deeper  the  wells  the  farther  apart  the}^  should  be  placed.  The  angles 
B  A  C  and  C  A  D  should  not  exceed  30°. 

DIRECT-READING   INSTRUBOfiNTS. 

Electrical  connection  is  made  with  the  casing  of  each  test  well  by 
moans  of  a  drilled  coupling  carrying  a  binding  post.  Each  of  the 
downstream  wells  (B,  C,  D)  contains  within  the  well  point  or  screen 
section  an  electrode  consisting  of  a  nickeled  brass  rod  three-eighths 
inch  in  diameter  by  4  feet  long,  insulated  from  the  casing  by  wooden 
spools.  The  end  of  rod  receives  a  No.  14  rubber-covered  wire,  to 
which  good  contact  is  made  by  a  chuck  clutch.  An  electrode  is  shown 
in  PI.  IV.  This  electrode  communicates  with  the  surface  by  means  of 
a  rubber-covered  copper  wire.  PI.  IV  also  shows  two  buckets  of  per- 
forated brass  used  in  charging  wells  with  granulated  sal  ammoniac; 
each  is  If  by  30  inches. 

Fig.  3  illustrates  the  arrangement  of  electric  circuits  between  the 
upstream  well  and  one  of  the  downstream  wells.  Each  of  the  down- 
stream wells  is  connected  to  the  upstream  well  in  the  manner  shown 
in  this  figure. 

A  view  of  the  direct-reading  underflow  meter  is  shown  in  PI.  V,  A. 
Six  standard  dry  cells  are  contained  in  the  bottom  of  the  box,  their 
poles  being  connected  to  the  six  switches  shown  at  the  rear  of  the 
case.  By  means  of  these  switches  any  number  of  the  six  cells  ma}^ 
be  thrown  into  the  circuit  in  series.  One  side  of  the  circuit  termi- 
nates in  eight  press  keys,  shown  at  the  left  end  of  the  box.  The 
other  side  of  the  circuit  passes  through  an  ammeter,  shown  in  the 
center  of  the  box,  to  two  three-way  switches  at  right  end  of  the  box. 
Four  of  the  binding  |K)sts  at  the  left  end  of  the  box  are  connected, 
respectively,  to  the  casing  of  well  A,  and  to  the  three  electrodes  of 
wells  B,  C,  and  D.  in  the  order  named.  The  ))inding  posts  at  the 
right  end  of  the  box  are  connected  to  the  casings  of  wells  B,  C,  and  D. 
There  are  enough  binding  posts  to  connect  two  different  groups  of 
wells  to  the  same  instrument.  When  the  three- way  switch  occupies 
the  position  shown  in  the  photogmph,  pressing  the  first  key  at  left  end 
of  the  box  will  cause  the  amnietor  to  show  the  amount  of  current 
passing  l)et\ve(Mi  casing  of  well  A  and  casing  of  well  B.  When  the 
next  key  is  presst^d  thc^  ammeter  will  indicate  the  current  between  the 
casing  of  well  B  and  the  electrode  contained  within  it.  In  one  instance 
the  current  is  conducted  between  the  tw^o  well  casings  by  means  of 
the  ground  water  in  the  soil;  in  the  second  case  the  electric  circuit  is 
completed  by  means  of  the  water  within  well  B.  By  putting  the 
three-way  switch  in  second  position  and  pressing  the  first  and  third 
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keys  in  turn,  similar  readin^j^s  can  be  had  for  current  between  casinj^ 
A  and  C  and  between  casing  C  and  its  internal  electrode.  SimiUrlj 
with  Hwitch  in  third  position,  readings  are  taken  by  pressing  first  and 
fourth  kevs.  The  results  uiav  be  entered  in  a  notebook,  as  shown  iu 
Table  V.  ^ 

B  A  C 


^ 


KiiKD— □ 


E#- 


UPSTREAM  WELL 


Mr 


II 


^i; 


":-f^-: 


DOWNSTREAM  WELL 


^^li 


-•.V-' 


r7^-- 


Fui.  8.— l>l>iKnim  illustnitin*?  i-lfctri<^al  ini'lhod  of  <l<t«nniiiim:  tin-  vrlocity  of  flow  of  frronnd  water. 
Till' >,'ri»»iinl  wutiT  i«<  »<iii)|«i)si'(l  ti>  be  iiioviim  in  tin- •lin-ctioii  of  ilM-ariow.  Tlu' upsti\»nm  well  i> 
chiirL't'd  with  an  flrctn>lyti'.  'I'lu*  jrnuliial  motion  .-f  tlu-  L'n.und  watrr  towanl  the  l«)Wor  well  ami 
it*-  Ilnal  arrival  at  that  w»'ll  aro  n-j^i^ttTiMl  l»y  thi-  :nnnirt».T  A  li  i«»  the  battery  an<l  C  a  commutotur 
rloek  which  is  iimmI  when  A  1^  a  roeordinu  ammetrr. 

The  principlivs  involved  in  the  workinj^  of  tho  apparatus  are  very 
sinipk\  The  upstream  well  A  is  eluircjiul  with  a  stron^r  electrolyte, 
such  as  sal  anunoniae,  which  passes  down  stream  with  the  moving 
ground  water,  renderini^  the  ground  water  a  good  electrolytic  con- 
ductor of  electricity.  If  the  ground  water  moves  in  the  direction  of 
one  of  the  lower  wells,  B,  C,  D,  etc.,  the  electric  current  between 
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When  uMd  with  recording  ammeter,  only  two  connections  ere  made,  one  to  each 
aide  of  battery  circuit;  but  the  ammeter  is  left  in  circuit  with  the  recording  in- 
strument to  indicate  whether  the  latter  is  workir^  properly. 


H.     COMMUTATOR  CLOCK,   FOR  USE  WITH   RECORDING  AMMETER. 
The  clock  makes  electrical  contact  at  any  five-minute  interval. 
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and  B,  A  and  C,  or  A  and  D  will  gradually  rise,  mounting  rapidly 
hen  the  electrolyte  begins  to  touch  one  of  the  lower  wells.  When 
le  electrolyte  finally  reaches  and  enters  inside  of  one  of  the  wells  B, 
:,  D,  it  forms  a  short  circuit  between  the  casing  of  the  well  and  the 
iternal  electrode,  causing  an  abrupt  rise  in  the  electric  current.  The 
esult  can  be  easily  understood  by  consulting  Table  V  and  fig.  4,  in 
v^hich  the  current  is  depicted  graphically. 

?ABLE  \'. — Meld  record  of  electric  current  during  underflow  measurements  at  station  6,  Rio 

Hondo  and  San  Gabriel  Rirer^  California,  August  6  and  6,  1902. 

[ReadingM  in  ampOrex  and  decimals  of  an  ampOre.J 


Wei 
CasiriK. 

0.140 
Salt. 
.  160 
.168 
.180 
.192 
.  202 
.  205 
.208 
.210 
.218 
.  225 
.  230 
.240 
.  250 
'.  275 
.  :550 
.420 
.510 
.  5(>0 
.  550 
.  520 

IB. 

Ele<-- 
tnxie. 

0.360 

.360 
.345 
.340 
.345 
.342 
.;i50 

.;^^ 
.;«o 

.  330 

.  330 

.  330 

.  340 

.(KK) 

.850 

1.550 

2.000 

2.  200 

2.  250 

2.  250 

2.  200 

Wei 
CiLsing. 

1  <;. 

Elec- 
trode. 

0.3:^2 


.  330 
.  325 
.320 
.:i40 
.320 
.320 
.310 
.310 
.310 
.310 
.  320 
.315 
.310 
.310 
.310 
.  310 
.310 
..  310 

Wei 

1 1). 

Elec- 
trode. 

0.390 

Remf 

Time. 

CasinK. 

0.150 
Salt. 
.170 
.180 
.192 
.202 
.210 
.210 
.210 
.210 
.212 
.218 
.220 
.  223 
.225 
.  225 
.  230 
.230 
.230 
.230 
.230 
.225 

irlw.a 

8  a.  m 

0.  142 
Salt. 

.170 
.182 
.195 
.202 
.204 
.205 
.205 
.210 
.210 
.218 
.222 
.  222 
.225 
.  230 
.240 
.240 
.240 
.  230 
.230 

8.15  a.  m 

8.30  a.  in 

1  NaCl 

2  NH.Cl 
1  NH.Cl 

9  a.  in 

.  390 
.380 
.370 
.370 
.360 
.370 
.360 
.360 
.360 
.:i50 

.:^2 

.360 
.340 
.340 
.340 
.340 
.  330 
.330 

INaCl 

10  a.  in 

1  NH4CI 

11.40  a.  in 

1  p.  m 

2  p.  m 

3  p.  m 

4  ]).  m 

5  p.  in 

6  p.  m 

7  p.  m 

8  p.  ni 

9  p.  in 

10.30  p.  ni 

12  p.  m 

1  a.  m  ^ 

1  NH,C1 

1  NaCl 

1  NH4CI 

1  NaCl 

1  NH.Cl 

2.30  a.  ni 



4.15  a.  in 

5..'K)a.  m 

1 

7.45  a.  in 

8.15a.  in..   .. 

9  a.  ni 

1 

a  The  electrolyte  wa.-*  lowered  into  well  A  by  nionns  of  a  perforated  brass  bucket.  U  by  30  inches  in 
size.  The  formula  ''2  Nll,in"  means  tliat  two  of  these  buclcets  full  «)f  ammonium  chloride,  were 
introduce<1  into  well  A  at  the  time  indicated.     Each  of  these  ]>ucket.s  held  2  pounds  of  the  salt. 

bAujfiwtC. 

The  time  that  elap.ses  from  the  charging  of  the  well  A  to  the  arrival 
of  the  electrolyte  at  the  lower  well  gives  the  time  necessary  for  the 
ground  water  to  cover  the  distance  betw^een  these  two  wells.     Heii( 


ft 
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if  the  dijstance  !K>tween  the  wells  be  divided  by  this  lapse  of  time,  the 
result  will  be  the  velocity  of  the  ground  water.  The  electrolyte  does 
not  appear  at  one  of  the  downstream  v/ells  with  very  great  abruptness; 
its  appearance  there  is  somewhat  gradual,  as  shown  ia  the  curves  in 
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Fig.  4.— Diugmm  showing  ampiTo  curves  at  station  '»  in  the  narrows  of  the  San  Gabriel  River. 
(California.  Tlie  heavy  curve  repn-sents  the  .sirciiKtli  of  t'leclric  current  hetween  the  ea.<:ing  of 
well  A  an<l  ca^Jing  of  well  H.  The  dotted  curve  roprcsents  the  streiiKtli  of  current  between  the 
electrode  in  well  H  and  the  casing  of  well  B.  These  curves  illustrate  results  obtained  with  the 
direct-reading  form  of  apparatus. 

figs.  4:  and  5.  The  tmie  required  for  the  eleclrolytt^  to  roiicli  it^  maxi- 
nuini  strength  in  one  of  the  downsti-oain  wells  (tuul  luMU-e,  for  the  cur- 
rent to  reach  its  nmxiiiium  value)  may  vary  from  a  tVw  minutes  in  a 
cjise  of  high  ground-water  velocity  to  several  hours  in  a  case  of  low 
velocity.     The  writer  formerly  supposed  that  th(»  gradual  appearance 
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•of  the  electrolyte  at  the  downstream  well  was  largely  due  to  the  diflfu- 

sioii  of  the  dissolved  salt,  but  it  is  now  evident  that  diffusion  plays  but 

•*  a  small  part  in  the  result.     The  principal  cause  of  the  phenomena  is 

^   now  known  to  be  due  to  the  fac^t  that  the  central  thread  of  water  in 

eac^h  capillary  pore  of  the  soil  moves  faster  than  the  water  at  the  walls 

of  the  capillary  pore,  just  as  the  water  near  the  central  line  of  a  river 

;  channel  usually  flows  faster  than  the  water  near  the  banks.     For  this 

'    reason,  if  the  water  of  a  river  suddenl}^  be  made  muddy  at  a  certain 

upstream  point  the  nuiddy  chaitu»ter  of  the  water  at  a  downstream 

point  will  appear  somewhat  gradually,  being  first  brought  down  by 

the  rapidly  moving  water  in  the  center  of  the  channel,  and  later  by 

the  more  slowly  moving  water  near  the  banks.     The  effect  of  the 

analogous  gradual   rise   in  the   electrolyte  in   the   downstream  well 

requires  us  to  select  the  "point  of  inflection"  of  the  curv^e  of  electric 

current  as  the  proper  point  to  determine  the  true  time  at  which  the 

arrival  of  the  electrolyte  should  be  counted.     This  point  is  designated 

by  the  letter  M  in  tigs.  4  and  5. 

Owing  to  the  repeated  branching  and  subdivision  of  the  capillary 
pores  around  the  grains  of  the  sand  or  gravel,  the  stream  of  electrolyte 
issuing  from  the  well  will  gradually  broaden  as  it  passes  downstream. 
The  actual  width  of  this  charged  water  varies  somewhat  with  the 
velocity  of  the  ground  water,  but  in  no  case  is  the  rate  of  the  diver- 
gence very  great.  The  manner  in  which  the  electrolyte  spreads  has 
been  carefully  investigated  and  will  be  described  in  a  later  page. 

It  is  possible  to  dispense  with  the  circuit  between  the  casing  of  well 
A  and  the  casing  of  each  of  the  other  wells,  as  the  short  circuit  between 
the  well  and  electrode  forms  the  l>est  possible  indication  of  the  arrival 
of  the  electrolyte  at  the  downstream  well.  For  cases  in  which  the 
velocity  of  ground  water  is  high,  the  circuit  to  well  A  is  practically  of 
no  value;  but  for  slow  motions  this  circuit  shows  a  rising  current  before 
the  arrival  of  the  electrolyte  at  the  lower  well,  often  giving  indications 
of  much  value  to  the  observer. 

The  method  can  be  used  .succ(»ssf  uUy  even  though  nothing  but  com- 
mon pipe  be  used  for  the  wells.  In  this  case,  however,  the  absence 
of  screen  or  perforations  in  the  wells  renders  the  internal  electrodes 
useless,  and  one  nmst  depend  upon  the  circuit  from  well  casing  of 
the  upstream  well  to  well  casing  of  downstream  well. 

The  results  shown  in  tig.  .5  present  such  a  case.  In  this  case  the 
wells  were  not  provided  with  well  points,  but  merely  possessed  a  4- foot 
length  of  pipe,  provided  with  four  or  five  holes  on  opposite  sides  of 
the  pipe  continuing  small  i-inch  washer  screens.  These  few  openings 
are  not  sufficient  to  permit  the  electrolyte  to  enter  the  well  freely, 
so  that  readiiiors  Ix^tween  casings  were  relied  u[H)n  for  results.  As  a 
matter  of  fact,  (Miough  of  the  electrolyte  did  get  into  the  well  to  give 
small  increased  readings,  but  in  order  to  obtain  the  electrode  readings 
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shown  in  the  diagram  water  w^as  removed  from  the  downstream  wells 
by  a  small  bucket  holding  about  6  ounces,  so  as  to  force  a  quantity  of 
the  water  surrounding  the  well  into  the  perforated  sections.  In  cases 
where  good  well  points  are  used  the  ground  water  charged  with  the 
electrolyte  finds  it^  \vay  gradually  and  naturally  into  the  well.  The 
well  point  should  be  clear  enough  to  allow  as  free  passage  into  the 
well  as  through  the  soil  itself.  This  is  easily  accomplished  by  pump- 
ing water  from  each  test  well  with  a  common  pitcher  pump  for  a  few 
minutes  or  until  the  water  is  fairly  clear. 


^40 


9  10      1 

A.M. 


•1        G       S       10 
JUNE  21  &  2?,  1003 


•4        G        b       10      l:» 
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Fkj.  5.— AniiHTe  curves  nt  .station  1,  Loiik  IsImikI,  N.  V..  showitiir  possibility  of  use  of  direct -reading 
HUparntus  when  well  p«)ints  are  in»l  used.  The  easiiiK'  in  this  iusttiuce  consisted  ol  eoniraon  black 
2-inch  pipe,  with  a  few  small  holes  in  ho!t(»ni  section.  The  "easini;"  curve  must  be  relied  up>on  for 
delcmuninj;  velocity.  The  ••electrode"'  curv«'  was  olitained  by  <lrn'\ving  water  from  well  C.  as 
shown  on  tliUKnun.  the  churned  water  beiiiK  draw  n  into  the  well  through  the  small  holes  and  the 
open  end  of  well, 

Granuliited  sal  aininoniac  is  used  to  doso  well  A.  A  single  charge 
may  viirv  from  4  to  lo  pounds.  If  coniinoii  ])ipe  without  points  or 
screen  is  used  for  the  wells,  so  that  intcrniil  electrodes  must  be  dis- 
pensed with,  (loses  of  about  2  pounds  each  should  ))e  repeated  about 
ev(M*v  hour.  The  dry  salt  should  not  be  ])oure(l  directly  into  the  well, 
but  should  be  lowered  in  perforated  buckets,  a  photogmph  of  one 
being  shown  in  PI.  IV.  These  buckets  are  1.^  by  IM)  inches  and  hold 
about  2  pounds  of  the  salt.  Two  of  these  ])U('kets  nuiy  bo  tied  one 
above  the  other  for  the  initial  charge,  and  followed  by  two  more  in 
ten  or  twentv  minutes. 
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>  If  the  wells  are  not  too  deep,  the  sal  ammoniac  maj'  be  introduced 
-into  the  well  in  the  form  of  a  solution.     A  common  bucket  full  of 

^-saturated  solution  is  sufficient.  There  is  an  uncertainty  in  introducing 
the  sal  ammoniac  in  solution  in  deep  wells,  as  the  time  required  for 

r    the  solution  to  sink  to  the  bottom  of  the  well  may  be  considerable. 

^      The  direct-reading  ammeter  Uvsed  in  the  work  has  two  scales,  one 

~,  reading  from  0  to  1.5  amperes  and  the  other  from  0  to  5  amperes. 

.  With  a  given  number  of  cells,  the  amount  of  current  between  the 
upstream  and  a  downstream  well  will  depend,  of  course,  upon  several 
factors,  such  as  the  depth  and  distance  apart  of  the  wells,  but  more 
especially  upon  the  amount  of  dissolved  mineral  matter  in  the  ground 
water.  The  initial  strength  of  the  current  can  be  readily  adjusted, 
however,  after  the  wells  have  been  connected  with  the  instruments, 
by  turning  on  or  off  some  of  the  battery  cells  by  means  of  the  switches 
at  the  rear  of  the  box.  It  is  a  good  plan  to  use  enough  cells  to  give 
an  initial  current  between  one-tenth  and  two-tenths  of  an  ampere. 

RECORDING   INSTRUMENTS. 

In  the  second  form  of  underflow  meter  a  self-recording  instrument 
is  used  in  place  of  the  direct-reading  ammeter,  thus  doing  away  with 
the  tedious  work  of  taking  the  frequent  observations  day  and  night, 
which  are  required  when  direct- reading  instruments  are  used.  The 
arrangement  of  the  apparatus  is  not  materially  different  from  that 
described  above.  In  the  place  of  the  direct-reading  ammeter  a  special 
recording  ammeter  is  used,  of  range  0  to  2  amperes.  It  has  been 
found  pmcticable,  although  it  is  a  n)atter  of  some  difficulty,  to  con- 
struct an  instrument  of  this  low  range  that  is  sufficiently  portable  for 
Held  use  and  not  too  delicate  for  the  pui^pose  for  which  it  is  intended. 
The  ammeter  has  a  resistance  of  about  1.6  ohms  and  is  provided  with 
oil  dash  pot  to  dampen  swing  of  arm  carr3Mng  the  recording  pen.  The 
instruments  were  manufactured  by  the  Bristol  Con)pany.  They  have 
gone  through  hard  usage  in  the  field  without  serious  breakage  or  mis- 
hap. The  portahilitv  of  the  instruments  will  be  materially  increased 
b\^  changes  in  design  which  arc  now  being  made. 

The  method  of  wiring  the  wells  when  the  recording  instruments 
are  used  is  slightl}'  changed.  In  this  case  one  side  of  the  battery 
circuit  is  connected  to  casing  of  well  A  and  to  all  of  the  electrodes  of 
wells  B,  C,  and  D.  The  other  side  of  the  battery  is  run  through  the 
recording  annneter  to  a  comnmtator  clock,  which  once  ever}'  hour 
makes  a  contact  and  completes  the  circuit,  one  after  the  other,  to  a 
series  of  binding  posts.  One  of  these  binding  posts  is  connected  to 
the  casing  of  well  B,  one  to  the  casing  of  well  C,  and  one  to  the  casing 
of  well  D.  The  period  of  contact  is  ten  seconds,  which  gives  an  abun- 
dance of  time  for  the  pen  to  reach  its  proper  position  and  to  properly 
ink  its  record. 
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PI.  V,  B  shows  a  coiniuutator  dock  made  for  this  purpose  by 
instrument  maker  of  the  College  of  Engineering,  ITniversit}"  of  \\  is- 
conj^in.  The  clock  movement  is  a  standard  movement  of  fair  grade, 
costing  less  than  ^5.  It  can  readih^  to  taken  from  the  case  for  cleaninjr 
or  oiling  and  quickly  n^placed.  A  good  movement  with  powerful 
springs  is  best  for  tiiis  purpose. 

It  will  be  seen  from  the  method  of  wiring  the  welU  that  the  record 
will  show  the  sum  of  the  current  between  well  A  and  well  B  added  to 
the  current  betwe^Mi  the  casing  of  well  B  and  Ms  electrode.  The 
removal  of  the  connection  to  well  A  would  permit  the  record  to  show 
the  current  between  the  casing  of  a  downstream  well  and  its  electrode, 
but  the  conneirtion  to  the  upstream  well  involves  no  additional  trou'  .e 
and  occa;;»ionally  its  indications  arc  of  nuich  service,  especially  if  the 
velo(*ities  are  low. 

One  of  the  instruments  above  mentioned  can  be  placed  in  a  common 
box,  1()  by  22  by  86  inches,  covered  with  tar  paper  and  locked  up. 
PI.  VI,  /?,  is  a  view  of  the  instruments  thus  arranged.  The  shelf  con- 
tains the  recording  annneter  (shown  at  left  of  cut)  and  the  commutator 
clock  (shown  at  right  of  cut). 

The  contacts  on  the  connnuiator  clock  are  arnmged  about  five  min- 
utes apart,  so  that  the  record  made  for  the  wells  will  appear  on  the 
chart  as  a  group  of  lines,  one  for  each  downstream  well,  of  length 
corresponding  to  the  strength  of  the  lurrent.  The  increasing  current 
corresponding  to  one  of  the  wells  will  finally  be  indicated  by  the 
lengthening  of  the  record  lines  for  that  well.  This  can  be  seen  by 
consulting  the  records  shown  in  IM.  VII.  The  record  charts  are 
printed  in  light-grtMMi  ink  and  red  ink  is  used  in  the  recording  pen, 
so  that  record  lines  can  bo  distinguished  when  superimposed  upon 
the  lines  of  the  chart.  A  special  chart  has  been  designed  for  this 
work  and  is  furnished  by  the  Bristol  Company  as  chart  458. 

PI.  VII  shows  two  charts  niadi*  by  recording  anunet^r.  In  the 
upper  the  electrical  current  for  wells  B,  (\  and  D,  at  station  14,  Ix)ng 
Island,  is  recorded,  in  the  order  nanied,  at  2.10,  2.15,  and  2.20  p.  m., 
and  hourly  thereafter,  the  cui'rent  i-eniainin*^*'  nearly  constant  at  .22  to 
.24  ampere  until  lU.  L.")  p.  ni.,  whcMi  the  current  for  well  C  rises  as 
indicated  in  the  chart.  In  the  lower  chart  the  electrical  current  for 
wells  B,  C,  and  D  is  recorded,  in  the  or<ler  riauKHl,  at  0.30,  6.35,  and 
6.40  p.  ni.,und  hourly  thereaftiM*.  The  curnMit  for  wells  B  and  D 
remains  constant  at  .25  ampere,  but  the  current  for  well  C  rises  as 
shown. 

The  recording  instruments  in  use  have  giv<Mi  pcM-fect  satisfaction 
and  the  method  is  a  great  iniproveinent  in  accuracy  and  ccmvenience 
over  the  direct-reading  method.  The  highest  as  well  as  the  lowest 
ground-water  velocities  yet  found  have  been  successfully  measured 
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by  the  recording  instruments.  By  using  one  or  two  additional  dry 
cells  the  instrument  may  be  made  (juite  as  sensitive  as  the  direct- 
reading  type.  In  using  the  recording  instruments  but  a  single  dose 
of  salt  need  l>e  placed  in  the  upstream  well.  If  the  wells  are  deep,  it 
is  iniportant  to  use  enough  salt  solution  to  make  sure  that  the  salt 
reaches  as  deep  as  the  screen  of  the  well  point  immediately  after  the 
solution  is  poured  into  the  well.  A  gallon  of  solution  will  fill  about 
6  feet  of  full-weight  wrought-iron  pipe,  so  that  10  gallons  of  solution 
should  be  used  if  well  is  60  feet  deep.  If  the  proper  amount  of  solu- 
tion be  not  used,  it  will  take  an  appreciable  time  for  the  solution  to 
reach  the  lK)ttom  of  the  well  by  convection  currents,  and  the  results 
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Fig.  6. — Ampere  curves  at  station  10.  Ganlen.  Kans.  The  heavy  curves  represent  the  electric  cur- 
rent between  the  cju^in^a  of  wells  B  and  C  and  the  electro<los  inside  of  them.  The  dotted  cunea 
represent  the  ckM'tric  current  between  wells  B  and  C  and  between  C  and  D.  The  electric  current 
for  the  electroiie  of  well  H  rose  earlier  than  for  well  C,  and  the  electric  current  between  wells  B  and 
C  rose  earlier  and  more  abruptly  than  for  wells  C  and  D.  indicating  tliat  the  principal  stream  of 
electrolyte  passed  between  wells  B  and  C  and  nearer  to  well  B  than  to  well  C. 

will  be  vitiated  to  that  extent.  As  before  stated,  it  is  preferable  to 
introduce  into  the  well  granulated  sal  ammoniac  contained  in  a  suit- 
able bucket  in  case  the  depth  of  the  well  renders  the  use  of  a  solution 
uncertain. 

In  order  to  ])r()perly  interpret  results  obtained  in  the  tield  with  the 
apparatus,  it  becomes  ncu'essary  to  inv(»stigate  the  behavior  of  the  dis- 
solved electrolyte  as  it  moves  onward  with  the  ground  water  after 
leaving  the  salted  well.  This  matter  could  be  investigated  only  in  the 
laboratory,  and  it  was  sought  to  reproduce  as  nearly  as  possible  the 
conditions  found  in  th(»  tield. 
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Before  salting  the  upstream  well  of  any  set  of  test  wells  the  electric 
circuit  should  be  closed  l)etween  each  adjacent  pair  of  downstream 
wells,  and  the  current  should  \h}.  measured  with  the  direct-reading 
ammeter  and  recorded  in  the  notebook.  An  occasional  reading  of 
these  same  circuits  will  prcA^ent  the  electrolyte  from  passing  between 
two  of  the  downstream  wells  without  the  knowledge  of  the  observer. 
This  is  clearly  shown  by  the  results  obtained  with  the  set  of  wells 
represented  in  fig.  6.  At  the  location  of  this  station  the  direction  of 
the  flow  was  at  first  not  correctly  estimated  on  account  of  its  nearness 
to  a  river  whose  height  was  fluctuating.  For  that  reason  the  down- 
stream wells  were  redriven  at  distances  of  but  20  inches  from  one 
another.  The  diagram  gives  the  ampere  curves  for  wells  B  and  C, 
both  of  which  were  reached  by  the  electrolyte,  and  also  the  curves  of 
current  between  wells  B  and  C  and  wells  C  and  D.  The  actual  direc- 
tion of  flow  can  l)e  seen  from  these  curves  to  lie  between  B  and  C,  and 
probably  nearer  B  than  C,  since  the  curve  for  B  rises  somewhat  earlier 
and  the  percentage  inci*easc  in  current  is  greater.  The  same  fact  is 
shown  l)y  the  curves  representing  the  current  between  B  and  C  and 
between  C  and  D.  The  main  stream  of  electrolyte  must  have  passed 
between  B  and  C,  as  is  show^n  by  the  more  abrupt  and  earlier  use  in 
the  current  between  B  and  C  as  compared  to  that  between  C  and  D. 


CHAPTER  III. 

luABORATORY    EXPERIMENTS    ON  THE   FLOW   OF  WATER 
THROUGH  8AND8  AND  GRAVEIiS. 

OBJECTS  OF  THE   EXPERIMENTS. 

During  the  winters  of  1902-3  and  1903-4  experiments  were  carried 
on  in  the  laboratory  upon  the  flow  of  water  through  sands  and  gravels 
contained  in  tanks.  The  objects  of  these  experiments  were:  (1)  To 
verify  the  law  of  flow  of  water  through  sands  and  gravels  under  gra- 
dients similar  to  those  found  in  the  field;  (2)  to  ascertain  the  law  of 
distribution  in  a  horizontal  plane  of  the  electrolyte  used  in  the  elec- 
trical method  of  determining  the  rate  of  flow  of  underground  water; 
(3)  to  determine  the  influence  of  varying  velocities  upon  this  distribu- 
tion; (4)  to  determine,  if  possible,  by  means  of  apparatus  approxi- 
mating actual  field  conditions,  the  relation  between  the  distribution  of 
the  electrolyte  and  the  current  curve  obtained  by  the  electrical  method 
of  measuring  ground-water  velocities,  thereby  checking  the  accuracy 
of  the  method  and  furnishing  data  indicating  more  definitely  the  point 
on  the  current  curve  which  should  be  selected  in  order  to  find  the 
velocity  of  flow. 

For  the  laboratory  work  of  1902-3  the  writer  had  the  assistance  of 
Mr.  Henry  C.  Woltl,  and  the  work  of  1903-4  was  done  by  Mr.  Ray 
Owen  and  H.  L.  McDonald. 

EXPERIMENTS   IN    THE   HORIZONTAL   TANK. 

The  apparatus  used  in  the  first  experiments  consisted  of  a  horizontal 

wooden  tank  of  inside  dimensions  4  feet  6  inches  long,  4  feet  wide,  and 

8  inches  deep.     A  chamber  of  perforated  sheet  brass  3  inches  wide 

was  inserted  in  each  end  of  the  tank,  so  that  the  dimensions  of  the 

compartment  left  for  the  gravel  wa^  4  by  4  feet  in  horizontal  extent. 

The  area  4  by  4  feet  was  divided  into  squares  6  inches  on  a  side,  at  the 

corner  of  each  of  which  a  small  well  of  slotted  sheet  bniss,  one-half 

inch  in  diameter,  was  fixed  in  position.     A  larger  well,  2  inches  in 

diameter,  of  the  same  material  was  placed  in  position  as  shown  in  the 

plan,  fig.  7.     For  the  first  exi)criments  the  tank  was  filled  with  about 

7  inches  of  gravel,  which  we  have  designated  as  Picnic  Point  gravel. 

The  effective  size  of  this  gravel,  a^  deterniiiied  by  King's  aspirators, 

was  0.93  mm.     Mechanical  analysis  of  the  Picnic  Point  gravels  will  be 

found  in  Table  VI. 
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Tablk  VI. — Mechnuirni  unalyns  fnj  standanf  xieifti  of  severcU  graveU  refrrrtd  to  in  the 

teai. 


incn.  millimeters. 


100 
80 
60 
40 
80 
20 
U) 
14 
12 
10 
S 
Held  hv  H 


IVrcontof  total  weight  of  Hand  paasinfir 
Hieve.  I 


Picnic 

Point 

Kravcl. 


0. 18 

00.6 

00.8 

.28     1 

1.0 

1.4 

.32 

1.6 

6.3 

.4()     , 

4.2 

:«.6 

.70 

14.3 

8:^.9 

.93 

25.  6 

98.1 

1.30     • 

31.4 

99. 6 

1.40 

:56.  8 

100 

1.70 

47.6 

100 

-AH     1 

54.  3 

UK) 

2.48     ' 

67.  5 
32.  5 

100 

Madifion    '  Ari«»«_,n 


le 


00.1 

0.2 

1.3 

4.7 

13.  1 

27.8 

37.2 

46.3 

63.9 

71.0 

82.7 

17.3 


Table  VII. — Ejfect  of  formalin  in  preveiUing  chgging  of  mnd  filter. 


Duration  of  exporimcnt. 


AveruKo 
head. 


Average    , 
tlow  of       Flow  per 
water  |>er        unit 


6 


I 


one-fourth  , 
hour,      I 


head. 


Mean  hy-  I  Velocitv 
iTempcra]    draulic   I  of  water 
ture.        g^radient  ,       per 
per  mile.       diem. 

I  ' 


F\nit  cxperimt'iit,  iH'c  S:         '  inrfic^.  i'oin,<i<. 

First  10  4  hours ,  0.230  (>..'> 7 

Socond  11  4  hours .227,  t>.  4S 

8ei'oii<l  experiment,  Dec  9:  \ 

First  114  hours .  ISS  .         (>.  13 

Second  1 14  liours \  .  185  ;        t>.  01 

Third  experiment,  Dec.  11:      ' 

First  5  4  hours .  1 70  5.  75 

Second  5  4  hours '  .  1 74  5.  Si) 


28.  56 


14.4 


Feet. 
25.3 


Feet 
15.4 


28.54    . 

30.9(> 
30.  ^H.)  '. 

14.0 

20.5  , 

14.2 

2^^22 
2!>.24  '. 

14.0 


18.9 

13.7 

NoTK. — This  tal)le  shows  the  infkience  of  a  ^mall  amount  of  forniaHn  in  preventing 
the  clogging  of  a  sand  filter  when  water  is  run  through  it  continuously.  CJompare 
the  flow  per  unit  head  during  first  portion  of  eiich  ex|)eriment  with  the  flow  during  the 
second  period,  as  given  in  colunm  4.  Tlie  experimental  error  is  greater  than  the 
small  differences  in  these  nund)ers.  The  low  gradients  and  the  low  velo<!ities  use4 
can  be  seen  in  columns  6  and  7. 

The  tank  of  gravel  was  securely  mounted  in  a  horizontal  position 
and  gages  of  glass  tubing  communicating  with  the  chambers  at  the 
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ends  of  the  tank  were  adjusted  to  show  the  level  of  water  at  each  end 
of  the  tank.  By  nieans  of  these  gages  it  was  easily  possible  to  measure 
the  height  of  the  water  in  the  end  compartments  within  one  two-hun- 
drodths  of  an  inch.  Water  was  permitted  to  flow  into  one  of  the  end 
compartments  from  galvanized  tubs  placed  on  a  platform  scale. 
From  the  tu])s  the  water  passed  through  3  or  4  feet  of  rubber  tubing 


f  -     - 

Uppor  chamber 
Perforated  brass 

1 

1    ^ 

B 

c 

D          o          E 

F 

G 

'jo 

o 

o 

o                              o  ' 

w 

o 

Salt  well 

? 

1 

1 

1                      o 

o 

o 

o                           o 

o 

t 

.  2 

o 

o 

o                         o 

1: 

1 

i 

3 

o 

o 

o            o           o 

i 

4 

1 

4                   o 

o 

o 

o             o           o 

'   5 

1 

o 

o 

o             o            o 

6 

«> 

o 

o             o            o 

i 

1 
1 

7 

o 

o 

O                                      O 

Perforated  brass 

s 

1, 

Lower  chamber 

1 

i.|.    -— , 

—  ' 

■  Ih     - 

-_ 

-  -^ 

Outlet 

Fio.  7.— Plan  of  the  horiztnitnl  tank  uped  in  the  determination  of  the  spread  of  an  eloctn>lyte  when  flow- 
ing  with  the  water  thnni^h  a  snw\  or  gravel.  The  tank  was  4  feet  6 inches  lonp,  4  feet  wide,  and  8 
inches  deep.  Two  perfonited  brass  screens  3  inches  from  each  end  left  a  compartment  for  gravel 
4  by  4  feel  in  area,  A  *2  inch  well  of  i>erforated  brass  was  set  at  the  yK)int  marked  W,  in  which 
the  electn)lyte  was  j.laced.  The  small  circles  repre.wnt  the  Un-ation  of  the  test  wells,  frrmi  which 
Nimples  of  water  rould  br  taken  as  desired. 

to  a  conically  ground  needle  vmIvc  operated  by  a  float  placed  in  the 
upper  compartment  or  chamber  of  the  tank.  It  was  found  possible  so 
to  adjust  this  valve  that  the  level  of  the  water  in  the  upper  compart- 
ment was  maintained  constant  during  an  experiment  extending  over 
several  hours.     The  water  was  permitted  to  escape  from  the  lower 
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compartment  in  the  tank  by  means  of  a  i-inch  pipe,  the  height  of  the 
overflow  being  adjustable. 

Tahle  VIII. — IhUa  olAfi'med  *!uring  experiments  on  flow  ofvxnUr  in  horizontal  tant 


No. 

Date  of  ex- 
periment, 
1902-3. 

Hydraulic 
gradient. 

Average 

depth  of 

water. 

Velocity  i 

of  ground, 

water,    j 

Ft.  in  24  1 
hrf. 

Velocity 

per  unit 

bead. 

Ft.  in  f  4 
hrs. 

Tempera- 
ture of 
water. 

i 

Salt  lined  In  experiraeni 

Ft.  per 
mUt. 

lHChf9. 

oc. 

1.... 

Dec. 

8 

25.30 

5.84 

15.4 

0.61 

14.4 

None  used. 

2.... 

Dec. 

9 

20.50 

5.83 

14.2 

.69 

14.0 

Do. 

3.... 

Dec. 

11 

18.90 

5.82 

13.7 

.as 

14.0 

Do. 

4.... 

Dec. 

20 

18.70 

5.88 

13.2 

.70 

20.5 

Dry  NH,a. 

5.... 

Jan. 

3 

17.60 

5.12 

12.9 

.73 

20.0 

Do. 

6.... 

Jan. 

7 

21.45 

5.10 

12.1 

.56 

18.8 

Dry  NaOl. 

7.... 

Jan. 

14 

22.00 

5. 12 

13.8 

.6:^ 

17.8 

Con.  NH.OH. 

8.... 

Jan. 

17 

18.54 

5.09 

9.3 

.50 

18.8 

Do. 

9.... 

Jan. 

:^ 

18. 92 

5.18 

11.6 

.61 

17.8 

""Zot  "♦^'-  '^ 

10.... 

Feb. 

9 

19.03 

5.17 

11.25 

.59 

20.0 

nad'ft.^"'^-  ^ 

11.... 

Fe)). 

18 

21.45 

5.15 

ll.t>8 

.54 

18.8 

Sol.  NH.Cl. 

12.... 

Feb. 

23 

42.  a5 

5.2S 

21.70 

.51 

19.1 

Do. 

13.... 

Mar. 

3 

(>4.90 

5.21 

36.  00 

.55 

20.1 

Do. 

14.... 

Mar. 

9 

64.  24 

0.21 

35.5 

.55 

20.3 

Sol.    A    NH.Cl.   A 
NaOH. 

15.... 

Mar. 

1(> 

m,  55 

5.25 

:^.4 

.55 

... 

^'^aO^.^"'^-   '' 

1«.... 

May 

4 

103.  2 

6.  OS 

11.47 

.11 

22.0 

NH4CI. 

17.... 

May 

14 

105.0 

(}.  70 

11.00 

.11 

18.2 

,\  Nil,(;i.  i>5  NaOH. 

18.... 

May 

23 

107.  S 

().  09 

11.90 

.  11 

NaOH. 

Note. — In  cxpcriinent.s  1-15  "Picnic  Point  gravel"  was  iiyed,  and  in  exi>erimeDte 
16,  17,  18  Madison  jrlacial  sand  was  used. 

The  water  used  in  the  (experiment  was  obtained  from  Lake  Mendota, 
Madison,  Wis.,  and  before^  us(»  was  Uvod  from  suspended  material  by 
passing  throu^^h  a  lilter  of  charcoal  and  sand.  Before  passing  through 
the  gravel  in  the*  tank,  one  part  in  50()  of  40  per  centsohition  of  forma- 
lin was  added  to  the  water  so  as  to  inhibit  the  growth  of  organisms. 
Previous  experimcMiters  on  the  How  of  water  through  sands  and 
gravels  experienccnl  much  difficulty  on  account  of  the  progressive 
reduction  in  flow  of  water  through  the  sand  when  an  experiment 
extended  over  a  considemble  length  of  time.  No  means  had  been 
found  for  avoiding  this  difficulty;  even  the  use  of  distilled  water  wa.s 
not  entirely  effective.  It  was  difficult  to  explain  this  phenomenon 
except  on  the  basis  of  the  growth  of  organisms  in  the  pores  of  the 
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Fig.  8.— DinKrHm  showiiiK  the  manner  In  which  the  electrolyU>  spread  in  passing  downstream  with 
the  gnnmd  water,  in  experiment  4.  in  the  horizontal  tiiuk.  The  dot  at  W  shows  the  location  of 
the  salted  well,  and  namples  were  taken  from  the  Hand  from  the  nmall  tewt  wells  represented  by 
dot.H  in  the  diagram.  The  area.»»of  the  circles  arc  proportional  to  the  strength  of  the  electrolsrte 
found  at  their  centers.  The  area  covertnl  by  the  charged  water  at  the  time  specified  is  shown  by  a 
roughly  sketched  outline.  The  velocity  of  the  ground  water  in  the  direction  of  the  arrows  was 
13.2  feet  for  twenty-four  hours.    Electrolyte  used  was  sal  ammoniac. 


Fifj.  y.— IMagram  showing  the  results  of  experiment 
in  tig.  8.  The  velocity  ()f  the  ground  water  was  1 
used  was  common  salt. 


♦>.    Representation  of  wells  and  other  features  as 
2.1  feet  for  twenty-four  hours.    The  electn)lyte 


IRK  14(M)0' 
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Fiu.  10.— Diagram  nhowing  the  results  of  experiment  s.  Keprosentntioii  of  wells  and  other  featw^s 
as  in  fig.  8.  The  velocity  of  the  ground  water  wits  9.3  feet  for  lw*?nty-four  hours.  The  electrolyte 
lued  was  concentrated  ammonia  water. 


Fig.  11.— Diiigrani  showing  the  re.Milts  of  experiment  'J.  KepreM'iitation  of  welLs  and  t>ther  features 
as  in  fig.  8.  The  velocity  of  the  ground  water  was  ll.«;  feel  for  twenty-four  hours.  The  electn.v 
}yte  used  waM  one-tenth  caustic  soda  and  nine-tenths  sal  ammoniac. 
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T-jand  used  in  the  experiments.  For  this  reason  the  formalin  was  added 
to  the  water  in  the  hope  that  if  this  were  the  correct  explanation  the 

'difficulty  wVmld  vanish.  Several  experiments  were  made  for  the 
especial  purpose  of  determining  the  eflFect  of  the  formalin  in  inhibit- 
ing the  organic  growth  in  the  filter.  Table  VII  gives  the  result  of 
three  such  experiments.  The  duration  of  each  experiment  was  divided 
into  two  nearly  equal  periods,  and  the  average  head  of  water  as  shown 
bv  the  gjvges  and  the  average  flow  of  water,  as  determined  by  weigh- 
ing l)oth  the  water  admitted  to  the  tank  and  the  water  leaving  it  at  the 
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Fig.  12. — Ditigram  showing  the  re.s\ilt»  of  exiMTliiioiit  10.  Representation  of  wellH  and  other  features 
an  in  fig.  8.  The  vel(M*ity  of  the  ground  water  wuh  Jlj  feet  for  twenty-four  hours.  The  electro- 
lyte wa«  two-tenths  caustie  soda  and  eight  ten th.s  sal  ammoniae. 


lower  end,  were  determined  for  each  of  the  two  periods  into  which 
each  experiment  was  divided.  It  will  be  seen  by  consulting  column 
4  of  the  table  that  the  How  of  water  inn-  unit  head  during  the  first 
portion  of  each  experinient  was  essentially  identical  per  unit  head  to 
the  second  portion  of  each  experiment.  The  slight  differenc(\s  in  the 
numbers  is  nuich  smaller  than  the  unavoidable  experimental  error.  It 
was  concluded,  therefore,  that  th(»-  progressive  clogging  of  a  sand 
filter  is  du(»  to  the  growth  of  organisms,  and  that  the  formalin  added 
constituted  an  efi'ective  reniedv. 
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Alt(>^<'thcr  18  ox|MMMinonts  wore  carried  out  in  this  tank.  In  tk 
first  IT)  tests  Pionir  Point  gravel  was  used  in  the  tank;  during  thelm 
8  HiM»  j^laoial  sand  replat'od  the  Picnic  Point  gravel.  Tlie  glacial 
had  eifective  size  of  grain,  as  determined  by  Kin^^'s  aspirator,  i 
i),W  mm.     A  mechanical  analysis  of  the  sand  is  given  in  TaWeVL 


Fiu.  la.— DiHKnim  showing  tlio  rrsults  of  oxpt-rimoiit  11.  Krun'seiitatiou  of  wolls  and  other  featun 
MS  in  li^.  s.  Tlu'  vt'ltH-ity  of  ih.-  fir.Min.l  w.it.r  \v.i><  11.7  f.'»'t  for  iwuty-fcmr  hoiiiv.  The  t'U«ctr 
lyt«*  was  Mil  anunoniac  inc(»n(M'iitrat«fl  •m. hit  ion. 

(p.  :3(0,  and  a  sumnijirv  of  the  (lata  obtained  durin^r  the  experiment 
is  placed  in  Table  \'11I. 

No  difliculty  was  <'xpericnce(l  in  niaintniniii«r  vt*n  low  gradients  t 
the  water  plane  in  the  tank,  a  slope  of  wat(M  of  1^  feet  to  the  mil 
IxMng  easily  hiought  about  by  proper  adjustment  in  the  appanitu.* 
Xn  this  wav  actual  tield  conditions  of  the  tlow  of  water  were  ver 
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closely  approxiinatod,  and  velocities  less  than  10  feet  a  day  could  be 
■  niaiiitiiined  by  the  use  of  the  low  gi-adients.  The  large  well  marked  W 
was  designed  to  receive  various  electrolytes  while  the  water  was  mov- 
ing through  the  gnivel  under  the  selected  uniform  head.  The  small 
one-half  inch  wells  placed  at  the  corners  of  the  6  inch  squares  were 
designed  to  serve  as  test  wells  from  which  samples  of  the  water  could 
be  taken  at  stated  intervals,  and  the  exact  area  spread  over  by  the 
electrolyte  could  be  ascertained  ))y  chemical  analyses.  A  series  of 
pipettes  were  coupled  together  in  such  a  way  as  to  permit  the  taking 
of  a  sample  from  each  row  of  test  wells  at  the  same  time.     By  the  use 


WELL  SALTED  AT  8:45  A.M. 


Fio.  14.— Diagram  showing  the  results  of  experiment  12.  Representation  of  wells  and  other  features 
as  in  iig.  M.  The  velocity  of  the  ground  water  was  21.7  feet  for  twenty-four  hours.  The  electro- 
lyte was  aal  ammoniac  in  <;oncentrated  solution. 

of  this  device  a  comf)lete  set  of  samples  could  ])e  taken  from  all  the 
test  wells  in  the  tank  in  a  very  few  minutes. 

The  results  of  the  experiments  are  l)cst  shown  by  the  series  of  dia- 
grams figs.  S  to  20,  in  which  the  strength  of  the  electrolyte  found  at 
each  test  well  is  shown  by  a  circle  of  appropriate  size. 

Among  the  various  electrolyti^s  tested  were  ammonium  chloride  (sal 
ammoniac),  sodium  chloride  (coimuon  salt),  concentrated  ammonia 
water,  and  mixtures  of  ammonium  chloride  and  caustic  soda,  or  lye. 
One  of  the  most  remarkable  conclusions  from  the  experiments  was  that 
difliusion  [)ljiys  but  a  very  small  part  in  the  spread  of  the  electrolyte 
through  the  ground  water.     In  none  of  the.  expt^riments  was  it  found 
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MARCH  3,  1903 


WELL  SALTED  AT   6.30  P.M. 
8.30. P.M.        '  NH4  CI.  '  *9.00P.M 


Fig.  15.— Dlag^ram  showing  the  results  of  ex|>eriiiient  1:5.  Keprcsentiition  of  wells  and  other  foatura 
a.s  in  f\K.  8.  The  vel(x»ity  of  tlie  pn>un<l  wattr  was  ;^J  feet  for  twenty-four  hours.  The  electrolyte 
waH  sal  ammoniac  in  eoncentnited  solution.  Note  the  narrow  stream  of  electrolyte  due  to  the  high 
velocity. 


MARCH  9.  1903 


WELL  SALTED  AT  C.30  P.M. 

'/loNoOH     !'.(.NH4  CI. 

« 

Fig.  Ifi.— UiaKnim  show  inj,'  the  results  of  «'X|km  inicut  1 1.  Urpresonfation  of  well.s  and  other  ft^aturo- 
as  in  (i^.  8.  The  velocity  of  the  jfrouiul  wattT  was  ;;.'.i  iwl  for  twenty  four  lumrs.  The  elei'tn»lyt< 
WR.-*  one-tent li  cau-stic  so<la  an<l  niiH'-tenths  .S4il  annnoiiia»-  iti  solution. 
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MARCH  16,  1903 


6.00  P.M. 


WELL  SALTED  AT   5.30  P.M, 


V10NH4  CI.    ViaNaOH 


7.00P.II. 


6.30P.M. 
f 


A- 

o     o 

o  O  o 


8.00.  P.M 


Fi(5.  17.— Diagram  showing  the  rcHult.K  of  exiM'rimcnt  15.  Reprcflentation  of  welln  and  other  features 
JUS  in  tig.  8.  Tho  vt'l(K*ity  of  the  ground  water  was  3(5.4  feet  for  twenty-four  hoiira.  The  electrolyte 
was  one-tenth  caustic  wnla  and  nine-tenth.s  Hal  ammoniac  in  dry  cryBtals. 


3.00.P.M.^'^^'^'^^°^4.00^P-.  ^-Y**' 


7.00P.M. 


Fig.  18.— Diagram  .showing  tlie  results  of  ex|wriment  Ifi.  Representation  of  wells  and  other  features 
as  in  llg.  8.  TIh'  velocity  <»f  tlie  gnmnd  water  was  ll.r)  feet  for  tw<fnty-f«)ur  hours.  The  ele<*trolyte 
waMsal  ammoniac 
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Fio.  19.— DiiiKram  showinK  the  resuItH  of  experiment  17.    Repretientation  of  wells  and  other  featnns 
OS  in  f\K- 
waH  one-tenth 


Fio.  '20.— Diagram  showing  the  results  of  experiment  18.  Representation  of  wells  and  other  features 
us  in  fig.  H.  The  vehM'ity  of  the  ground  water  was  U.9  feet  for  twenty-four  hours.  The  eleiln>lyte 
Vf&H  <-au.stie  s<Hla. 
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that  the  electrolyte  extended  more  than  about  3  inches  upstream  from 
the  large  well  W.  This  fact  can  be  seen  l)y  consulting  the  series  of 
diagrams  illustrating  the  distribution  of  electrolyte.  In  general,  it 
can  be  seen  that  the  electrolyte  moves  downstream  in  a  pear-shaped 
mass,  the  width  of  the  stream  varying  somewhat  with  the  nature 
of  the  electrolyte  used.  The  high  velocities  always  gave  a  stream 
of  electrolyte  which  was  quite  narrow  and  the  low  velocities  gave 
broader  streams.  The  solution  of  concentrated  ammonia  water  gave 
the  broadest  stream.  This  was  probably  due  not  so  nmch  to  the  dif- 
fusion of  the  anunonia  gas  in  the  water  as  to  the  low"  coefficient  of 
viscosity  of  the  anmionia  water.  Experiments  in  the  field  had  indi- 
cattnl  that  the  mixture  of  sal  anunoniac  and  caustic  soda  would  spread 
in  a  broader  stream  than  sjil  ammoniac  alone.  By  comparing  the 
results  of  experiments  14  and  15  with  that  of  experiment  13,  it  will 
be  seen  that  this  assumpti(m  could  not  be  verified  to  an}-  considerable 
extent.  In  a  similar  way,  experiments  9  and  10  ma}'  be  compared 
with  experiment  8,  and  experiments  17  and  18  may  be  compared  with 
experiment  KJ. 

It  seems  to  be  conclusively  shown  liy  these  experiments,  as  has  been 
already  stated  (pp.  !22-!i3),  that  the  diffusion  of  the  dissolved  salt  plays 
a  very  small  part  in  the  way  in  which  the  electrolyte  is  distributed  in 
the  moving  current  of  ground  water,  but,  as  already  stated,  that  the 
central  thread  of  water  in  each  capillary  pore  of  the  soil  moves  faster 
than  the  water  in  cont^ict  with  the  walls  of  the  capillary  pore.  Like- 
wise the  spread  of  the  electrolyte,  as  shown  by  these  experiments,  is 
not  to  be  explained  by  the  diffusion  of  the  salt,  but  must  be  explained 
by  the  continued  branching  and  subdivision  of  the  capillary  pores 
around  the  individual  grains  of  the  sand.  The  stream  of  electrolyte 
issuing  from  the  salt  well  W  will  gradually  broaden  as  it  passes  down- 
stream, because  each  thread  of  it  must  divide  and  divide  again  and 
again  as  it  meets  with  each  succeeding  grain  of  soil.  If  diffusion  had 
much  to  do  with  its  rate  of  spread,  it  would  also  make  itself  apparent 
by  causing  an  upstr(»am  motion  to  the  electrolyte  against  the  current 
of  ground  water.  As  before  stated,  in  no  case  did  the  electrolyte 
succeed  in  moving  upstream  a  distance  as  great  as  3  inches. 

EXPERIMENTS   IN   THE   VERTICAL  TANK. 

The  experiments  carried  on  in  the  winter  of  1903-4  had  as  their 
object,  in  addition  to  those  of  the  previous  year,  the  determination  of 
the  law  of  distribution  of  the  electrolyte  in  a  vertical  plane.  For  this 
purpose  a  tink  wa.s  constructed  of  wood,  as  shown  in  fig.  21  and  PI. 
VIII.  The  inside  dimensions  of  this  tank  were  4  feet  high,  4  feet  0 
inches  long,  and  8  inches  wide.  At  each  end  of  the  tank  chambers  3 
inches  wide  were  constructed   of  perforated  brass,  similar  to  those 
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used  ill  the  horizontal  tank,  leaving  a  total  length  of  -i  feet  available 
for  gravel.  Horiz*)nt4il  tubes  of  slott^  hrasH  one-half  inch  in  diameter 
extended  through  the  side  of  the  tank  at  the  comers  of  Kquare^  H 
inches  on  a  side,  as  shown  by  the  small  circles  in  the  8ide  elevation, 
fig.  21.  These  tulies  of  horizontal  test  wells  were  stuck  through  holes 
l>ored  in  the  side  of  the  tank  and  were  supported  at  one  end  by  a 
thumb  tack  soldered  to  the  end  of  the  tube  and  at  the  other  end  by 
the  side  of  the  tank,  the  tuU^  being  slightly  longer  than  the  inside 
width  of  the  tank.  A  perforated  ru})}>er  stopper  containing  a  glass 
tube  was  placed  in  the  hole,  one  en<l  of  the  glass  tube  extending  to 
the  middle  of  the  tank,  the  other  end  of  the  tube  projecting  outside  of 
the  rubber  stopper  to  ree(Mvc  a  small  rublnM*  tube,  which  was  kept 
closed  by  means  of  a  pinchcock.  These  tubes  furnished  ready  means 
of  drawing  out  samples  of  water  from  different  positions  in  the  tank. 
On  top  of  the  tank,  in  the  reproduction  of  the  photograph  of  the 
apparatus,  PI.  VIII,  can  be  seen  the  scales  c^irrying  the  tubs  of  gal- 
vanized iron  from  which  the  water  was  run  to  a  regulating  apparatus 
consisting  of  a  nee<lle  valve  and  float  at  the  upper  h'ft-hand  comer  of 
the  box  similar  to  that  used  in  the  horizontal  tank.  The  head  of  water 
in  the  two  end  chambers  of  the  tank  was  meiisured  by  two  glass  gages 
placed  about  one-half  inch  a])art,  (*ommuniciiting  with  the  chanibei's 
l)y  large*  rub})er  tubes.  The  n»a<linus  of  the  meniscus  in  the  glass 
tubes  of  the  gages  could  be  retulily  (estimated  to  one-half  hundredth  of 
an  inch. 

The  gravel  used  in  the  (^xj^riments  in  the  vertical  tank  was  Madi- 
son glacial  sand,  the  same  as  that  used  in  experiments  IG,  17,  and  18 
in  the  horizontal  tank.  Seven  experiments  were  completed  with  this 
apparatus,  the  genenil  results  of  which  are  tabulated  in  Table  IX. 

Table  IX. — Iktt<(  ahldimtl  thtr'nnj  t.qKrlmriits  xn  tl<nr  (tf  mittr  ihrowjh  }fadiwn  glacinl 

Sitml  in  Ihr  nrtifol  Imik'. 


I        I>Kte. 

Ffb.  22 

Mar.  2 

Mar.  :; 

Mar.  r> 

Mar.  12 

Apr.  IS 

Apr.  VJ 


Tern  I  MTU 
tun*. 


j  '  .\n«jiof'  Velocity 

Hy«lraulii-Kriuli('iit.|  hi'^charm.'.  t-niss >»«•<•-  VclcK'ity.    p«r  unit 


I 


17.  S 
H).  2 
1-1.0 
IS.  4 
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r,.  10 

2.  OS 
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l.(M) 
2.  10 
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f).  :)S 
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III  iti . 
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no 

2S»> 
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(i:;o 
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:U'k  25 

2Ji.  :>:; 
r>«).  00 
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.002045 

. 00022 

.  0:i40 
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2.  5« 
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VERTICAL  TANK  USED  IN  LABORATORY  EXPERIMENTS. 


The  *mall  U'*t  wells  fr-m  wnlc^•  dimples  were  drawn  arp  cau-opi^H  w  tn  j'!.>s>  »t.«-'«'<'S  c-^nta-ning:  co  ort-d 
water,  md  citinj;  d  jt'iD-iti  -n  xjj  presisuro  whiN.-  r  gnt  cnjmDC'  ot  x^r,^  ^  »^.p;  enpty. 
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The  electrolyte  was  introduced  into  the  well  marked  W,  shown  in 
H^.  'JU  und  the  samples  from  the  various  test  wells  were  drawn  out  at 
stated  intervals  into  test  tubes  and  anal3'zed.      The  results  of  the 


Pi<}.  21.— Diagram  showing  eonHtniotion  and  dimensions  of  vertical  tank  used  in  laboratory  expert- 
mentj<  on  the  flow  of  ground  water.    The  small  circles  indicate  the  positifm  of  the  test  wells. 

experiments  on  the  vertical  distribution  of  the  electrolyte  are  best 
shown  by  the  diagrams,  a  series  of  which  are  given  in  figs.  22  to  29. 
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Fio.  22.— Diagram  showing  results  of  vertical-tauk  experiment  1,  February  22,  19W.  Well  W  was 
salted  at  11.40  a.  m.  with  sal  ammoniac;  velocity  of  the  ground  water  was  17.06  feet  a  day,  head,  14 
inches.    The  contours  Hhow  the  distribution  of  salt  at  12.10  p.  m. 

In  the  series  of  six  diagnims  for  experiment  1  the  distribution  of 
the  electrolyte  is  shown  l)y  the  contour  curves  for  each  one-half  hour 
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perisid  after  the  bej^inninf]^  of  the  experiment.     A  single  dose  of  2 
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Fig.  23.— Diagram  showing  results  of  vertical-Uink  oxperinient  1,  February  'tl,  1904.  Well  W  was 
salted  at  11.40  a.  m.  witti  sal  ammoniac;  velocity  of  the  ground  wat«r  was  17.06  feet  a  day:  head,  l\ 
inches.    The  contours  show  the  distribution  of  salt  at  12.40  p.  m. 

on  February  22,  1904.     As  will  bo  observed  by  consulting  the  dia- 
grams, the  dissolved  salt  entered  the  ground  water  and  passed  to  the 
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Fig.  24.— Diagram  shovviiiK  rej^iilis  oi  veriu'iil-taiik  fxpenimnt  1.  February  2^-',  1904.  Well  W  was 
«ilte(i  ut  11.40  a.  in.  wiili  !<*il  ammoniac.  veKK'ily  of  tlie  ground  water  was  17.06  leet  a  day;  head,  U 
inches.    The  contours  show  the  distribution  ot  salt  at  1.40  p.  m 

right  with  the  moving  stream,  at  the  same  time  moving  slightly  down- 
ward, as  shown  l)y  the  contour  curvcvs.     The  velocity  of  water  through 
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the  gravel  during  this  experiment  was  about  17  feet  for  twenty-four 
hours.     The  elliptical  outline  of  the  contour  curves  is  due  to  the  two 


Fig.  25.— Diagiam  showing  results  of  vertical-tank  experiment  1,  February  22,  1904.  Well  W  was 
salted  at  11.40  a.  m.  with  sal  ammoniac;  velocity  of  the  ground  water  was  17.06  feet  a  day;  head, 
11  inches.    The  contours  show  the  distribution  of  salt  at  2.40  p.  m. 

components  of  motion,  one  component  being  the  velocity  of  ground 
water  to  the  right,  and  the  other  being  the  downward  motion,  due  to 


Fig.  26.— Diagram  showing  results  of  v<rtioaI-tank  experiment  1,  February  2*2.  1904.  Well  W  was 
Raited  at  11.10  a.  m.  wiin  sm  Hmmoniae.  velocity  of  the  gnumd  water  wa.s  17  06  leet  a  day;  head, 
It  inches.    The  contours  show  the  distnt)ution  of  salt  at  3.40  p.  m. 

the  high  density  of  the  solution  of  sal  ammoniac.     It  will  be  noticed 
that  the  elliptical  contour  lines  have  their  longest  dimenj^iion  sloping 
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downward  to  the  right,  as  they  should  if  they  represent  the  resultant 
of  these  two  motions.     It  should  also  be  noted  (consult  the  diagrams) 


Fio.  27.— Diagram  showing  resulto  of  vertical-tank  experiment  1,  February  22,  1904.  Well  W  was 
salted  at  11.40  a.  m.  with  sal  ammoniac;  velocity  of  the  gnmnd  water  mtbh  17.06  feet  a  day;  head, 
14  incheH.  The  ix^utoum  Mhuw  thv  distribution  of  the  salt  at  4.40  p.  m.  A  second  dose  of  salt  was 
placed  in  well  W  at  4  p.  tn.,  am]  the  diagram  represents  the  two  masses  of  electrolyte  paaring  for- 
ward with  the  ground  water 
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Piu.  2A.— Diagram  showing  results  of  veriiral-tHUk  i^xperinuMit  2.  March  2.  1901.  Well  W  was  salted 
at2.'25  p.  m.  The  vchnity  of  ground  water  was  11.42  feet  a  day;  heat!.  1  inch.  The  salt  used  was 
sal  ammoniac.    Contours  show  the  distrihution  of  salt  at  J.iV)  p.  ni. 

that  after  an  interval  of  an  hour  nearly  all  of  tlio  electrolyte  had  left 
well  W,  and  the  water  in  the  well  had  l)econie  fresh  again.     At  4  p.  m. 
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an  additional  dose  of  nal  ammoniac  was  placed  in  well  W,  the  effect  of 
which  is  clearly  shown  in  the  contour  curves  for  4.40  p.  ra.  Here 
two  mt»sscs  of  dissolved  electrolytes  can  be  observed  traveling  simul- 
taneously through  the  sand.  It  should  also  be  noted  in  these  diagrams 
that  the  electrolyte  does  not  pass  upstream,  or  against  the  current  of 
ground  water  more  than  1  or  2  inches. 

Two  sets  of  contour  curves  are  also  given  for  the  second  experiment, 
that  of  March  2,  1904,  in  which  the  same  electrolyte  was  used,  but  the 
velocity  of  the  ground  water  was  reduced  to  11.42  feet  for  twenty-four 
hours.  The  well  W  was  salted  at  2.25  p.  m.,  contours  being  given  for 
2.25  and  7.25  p.  m.  It  will  be  observed  that  for  the  lower  velocity  of 
ground  water  the  electrolyte  sinks  to  a  greater  depth  than  in  the  case 


FicJ.  29.— Diagram  showing  results  of  vertical-tanlc  exfjeriment  2,  March  2,  1904.  Well  W  was  salted 
ttt  2.25  p.  m.  The  velocity  of  ground  water  was  11.42  feet  a  day;  head,  1  Inch.  The  salt  used  waa 
sal  ammoniac*.  The  contours  show  the  distribution  of  salt  at  7.2.'>  p.  m.  A  comparison  of  figs.  28 
and  29  with  22  to  27  shows  the  larger  vertical  motion  of  the  electrolyte,  in  the  case  of  the  lower 
velocity  of  experiment  2,  as  compared  with  the  higher  velocity  prevailing  during  experiment  1. 

of  the  higher  velocities  of  the  first  experiment.  Experiments  were 
also  carried  out  with  common  lye  as  electrolyte.  This  salt  is  very 
much  heavier  than  sal  ammoniac,  and  it  was  noted  that  it  sank  much 
faster  than  the  solution  of  sal  ammoniac  for  similar  velocities  of 
ground  water. 

One  of  the  most  interesting  experiments  with  the  vertical  tank  was 
made  for  the  purpose  of  determining  the  amount  of  diffusion  of  the 
electrolyte.  For  this  purpose  the  electrol3'te  was  introduced  into  the 
well  W  and  the  ground  water  was  permitted  to  remain  stationary,  no 
water  })eing  run  into  or  out  of  the  tank  during  the  eight  hours  covered 
by  the  experiment.     The  well  W  is  placed  exactly  midway  between 
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columns  0  and  1  of  the  small  test  wells,  as  can  be  seen  from  the  dia- 
gram. For  the  purpose  of  the  ^^ still"  experiment  the  uppermost  test 
well  of  column  2  was  removed  and  well  VV  was  placed  directly  over 
column  2.  A  charge  of  salt  was  introduced  into  the  well  W  at  9  a.  m., 
and  samples  were  taken  at  the  end  of  one-half  hour  and  at  the  end  of 
each  hour  thereafter  until  5  p.  m.  The  salt  was  found  to  drop  verti- 
cally with  a  rapidit}^  equal  to  the  vertical  component  of  motion  noted 
in  the  experiments  in  which  flow  took  place.  In  the  eight  hours  of 
the  test  no  portion  of  the  charge*  could  be  detected  in  the  test  wells  of 
colmnns  1  or  3.     This  experiment  showed  that  the  electrolyte  had  not 
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DISCHARGE  IN  CUBIC  FEET  PER  MINUTE 
Fi<J.3().— Diagram  illustraliiiK  the  variation  in  the  rato  of  flow  of  jrround  water  with  the  variation  in 
head  or  hydraulie  gratlienl.  as  obM-rved  in  the  rxperinieiits  in  the  vertical  tank.  The  ligurej* 
attached  to  the  small  circles  in  the  diagram  dcM^natc  the  teinpemture,  Fahrenheit,  of  the  ground 
water  durinK  the  exi»erinu'Tit.  The  strai«:ht  line  represents  the  theoretical  law  of  flow  if  the  rale 
of  flow  varies  directly  as  the  head. 

diffused  sufticiently  to  reach  the  wells  of  columns  1  and  3,  while  drop- 
ping a  vertical  distance  of  about  ;>  feet. 

The  law  of  direct  variation  of  (he  How  of  ^rround  waters  with  the 
head  under  which  the  flow  takes  place  are  verified  by  the  experiments 
in  the  tank.  The  results  are  representcnl  graphically  in  fig.  80.  Exact 
agreement  with  this  law  would  require  all  of  the  plotted  points  in  this 
diagram  to  lie  upon  the  straight  line,  provideci  the  temperatures  were 
the  same.  The  larger  departures  from  tlu^  straight  line  are  not  due  to 
temperature  difl'erences,  but  to  the  high  viscosity  of  the  lye  solutions 
used  in  those  particular  experiments. 
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INVESTIGATION     OF     THE     ACCURACY    OF     THE     ELECTRIC     METHOD    OF 

DETERMINING   THE  VELOCITY   OF  THE   FLOW  OF  GROUND  WATERS. 

ft 

The  vertical  tank  offered  a  ready  means  of  checking  the  accuracy  of 
the  method  of  measuring  the  velocity'  of  ground  waters  with  the 
electric  underflow  meter.  For  this  purpose  the  chambers  of  per- 
forated brass  at  the  upper  and  lower  ends  of  the  tank  served  as  the 
upstream  and  downstream  wells,  respectively,  and  an  electrode  was 
sunk  in  the  sand  2  inches  from  the  lower  partition,  which  answered 
the  purpose  of  the  electrode  usually  placed  inside  the  downstream  well. 
The  apparatus  was  then  connected  in  accordance  with  the  method  used 
in  actual  field  work.  A  solution  of  sal  ammoniac  was  placed  in  the 
upper  chamber.  The  water  running  through  the  tank  was  weighed 
liefore  it  entered  and  after  it  left  the  apparatus,  and  observations 
wore  made  of  the  electric  current  every  flfteen  minutes  and  sometimes 
oftener.  Two  experiments  were  made,  one  with  a  head  of  water  of 
2.B8  inches  and  one  with  a  head  of  5.75  inches.  From  the  weight  of 
water  discharged  the  cx^mputed  velocity  during  the  former  was  23.15 
feet  a  day,  and  during  the  latter  the  velocity  was  58  feet  a  day. 
From  the  points  of  inflection  of  the  two  electrode  curves  the  velocities 
were  computed  to  be,  respectively,  23.25  and  64.10  feet  a  day.  This 
shows  agreement  in  the  case  of  the  lower  velocity  within  a  very  small 
fraction  of  1  per  cent,  and  in  the  case  of  the  higher  velocity  within 
lOi  per  cent  of  the  actual  rates.  These  results  show  that  the  electric 
method  is  sufficiently  accurate  for  the  puiposes  for  which  it  is  intended. 
It  is  very  likely  that  if  the  tank  in  which  these  experiments  were 
carried  out  had  been  wider  the  percentage  agreement  for  the  high 
velocity  would  be  even  closer  than  10  per  cent,  for  it  must  be  remem- 
l>ered  that  the  narrowness  of  the  tank  tended  to  bring  the  concentrated 
portion  of  the  stream  of  electrolyte  to  a  given  downstream  point  more 
i-apidly  than  if  the  tank  had  been  wide  enough  to  permit  the  electro- 
lyte to  spread  in  its  natural  way. 
IRR  140—05 i 


CHAPTER  IV. 

MEASUREMENTS  OF  TUK  UXDERFl^OW  AT  THE  XARROW8 
OF  THE  RIO  HONDO  AND  8AN  GABRIEI^  RIVER,  CALI- 
FORNIA. 

The  following  imderHow  inoasurenients  wore  made  during  the  sum- 
mer of  1902  at  the  narrows  of  the  Rio  Hondo  and  the  San  Gabriel 
River,  about  10  miles  east  of  Los  Angeles,  Cal.  The  ultimate  source 
of  the  streams  referred  to  is  found  in  the  San  Gabriel  Mountains,  a 
range  which  runs  nearly  east  and  west  about  40  or  50  miles  from  the 
southern  coast  line  of  California.  The  main  portion  of  the  mountain 
drainage  which  supplies  this  particular  stream  is  collected  into  one  of 
the  large  canyons  of  the  range,  known  as  the  San  (iabriel  Canj'on. 
Like  that  of  other  streams  that  originate  in  these  mountains,  the 
water  is  not  airried  above  ground  nmch  farther  than  the  mouth  of 
the  canyon,  except  in  times  of  extreme  flood.  The  ordinary  flow  of 
the  river  sinks  into  an  enormous  alluvial  delta  cone  of  gravel  and 
mountain  debris,  and  passes  underground  in  a  broad,  gentl3^  sloping 
valley  until  it  is  interrupted  by  a  line  of  shale  hills  about  10  mile^ 
south  of  the  mountain  range.  This  lino  of  hills  acts  as  a  dam  to  the 
underground  waters,  except  for  a  break  a))()ut  2  miles  in  width,  w^iere 
the  drainage  of  the  vallov  escapes  to  the  sea.  This  br(»ak  couAiititutes 
the  so-called  ''Narrows''  of  the  river.  In  consequence  of  the  narrow 
outlet  a  large  quantity  of  the  ground  water  is  brought  to  the  surface, 
first  showing  itself  about  2  miles  a)K)vo  the  narrows,  and  increasing  in 
volume  as  it  enters  the  contracted  part  of  the  pass.  At  the  present 
time  the  surface  waters  appear  as  two  distinct  streams,  the  Rio  Hondo 
on  the  west  side  and  the  San  (Tahri(*l  River  on  the  east  side  of  the 
narrows. 

In  August,  IIMK),  the  flow  of  (he  Hondo  at  Old  Mission  bridge  whs 
28  second-feet.  The  flow  of  the  San  (iai)riel  was  somewhat  larger. 
The  Whitney  electrolytic  bridge  iiulicatos  that  the  ground  water  and 
surface  waters  are  substantially  identical  in  character,  containing  15  to 
25  parts  ])or  100,000  total  solids. 

The  measurements  of  the  rate  of  underflow  w(»ro  made  b}^  the  elec- 
trical method  as  previously  described  in  this  pa])er.  At  the  time  of 
making  these  nioasuroments  the  recording  instruments  had  not  l)een 
perfected  for  field  use,  so  that  all  of  the  work  was  done  with  the  hand 
apparatus.  The  test  wells  used  wore  2-inch  drive  wells,  with  42-inch 
50 
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points  and  48-inch  well-point  extensions.  The  wells  were  arranged 
as  usual,  one  upstream,  designed  to  receive  the  electrolyte,  and  the 
others  downstream,  2  feet  apart  on  an  arc  of  a  circle  of  4- foot 
radius.  In  most  instances  the  electrolyte  moving  with  the  ground 
water  would  show  itself  at  but  one  of  the  downstream  wells,  but  in 
one  or  two  cases  it  reached  two  of  the  downstream  wells,  and  in  a 
few  cases  the  first  setting  of  the  wells  did  not  correspond  to  the  actual 
direction  of  the  motion,  so  that  the  Jower  wells  were  not  touched  at  all 
by  the  dissolved  electrolyte. 

Measurements  were  made  at  four  stations  located  within  the  narrows 
of  the  rivers  named.  The  first  and  second  stiitions  were  located  under 
a  wagon  bridge  over  Rio  Hondo  near  the  Old  Mission.  Two  groups 
of  wells  were  driven,  and  the  location  and  direction  of  these  wells 
with  reference  to  the  bridge  are  shown  in  fig.  31.  The  electrical  cur- 
rent was  observed  separately  for  a  circuit  between  the  casing  of  the 
upstream  well  and  the  casing  of  each  of  the  downstream  wells,  and 
also  for  the  circuit  between  the  casing  of  each  downstream  well  and 
the  brass  rod  electrode  contained  within  it,  a  direct-reading  ammeter 
being  used.  The  velocity  at  the  first  station  was  3.8  feet  per  diem. 
The  direction  of  flow  departed  slightly  from  the  direction  of  the  sur- 
face river,  being  10  degrees  west  of  south. 

At  the  second  station  the  electrolyte  showed  itself  at  both  of  the 
downstream  wells,  l)eing  stronger,  however,  in  well  F.  The  velocity 
here  was  6.6  feet  a  day.  Points  of  special  interest  are  the  several 
steps  in  which  the  ampere  curves  rise,  as  shown  on  the  electrode  cir- 
cuits for  both  wells  E  and  F.  These  indicate  different  velocities  of 
ground  water  in  the  different  strata  penetrated  by  the  wells.  The  well 
points  and  well-point  extensions  being  covered  with  new  bright  brass 
gauze  in  these  first  tests,  the  different  porous  strata  registered  them- 
selves on  the  brass  gauze  by  })lackened  bands  caused  by  the  corroding 
influence  of  the  electrolyte.  In  the  present  case  there  were  three  dis- 
tinct zones  marked  off  on  the  wells,  of  about  24,  20,  and  8  inches  each. 
The  velocities  in  these  stmta  undoubtedly  differed  from  one  another, 
and  hence  caused  the  steps  in  the  ampere  curve.  At  both  stations 
1  and  2  tlie  ground  water  was  artesian  in  character,  rising  in  the  wells 
about  an  inch  for  each  additional  foot  increase  in  depth.  The  wells 
were  16  feet  deep  and  showed  about  15  inches  of  artesian  head  above 
the  water  in  the  flowing  stream. 

The  tliird  station  was  (sstal)lished  on  the  San  (labriel  River  just 
below  the  wagon  biidgi*  on  the  Whittier  road.  A  special  point  of 
interest  at  this  location  is  tlu*  fact  that  the  river  totjilly  disappears  in 
its  grav(^l  IhmI  a  few  rods  b(»low  this  bridge.  We  hoped  to  secure 
some  facts  (;onc(M*ning  the  direction  and  velocity  of  the  disappeario 
water.     A  double  row  of  wells  w^as  driven  across  the  river  bed  in  tt^ 
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groups  about  38  foot  ajwirt,  as  shown  in  fig.  32.  All  of  the  wcILs, 
except  a  group  near  the  left  bank,  puini)ed  very  poorly  and  were 
evidently  in  very  tight  material.     The  group  of  wells  near  the  left 
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l)ank  fonsistod  of  onc^  upstromn  \v(^ll.  K.  and  two  downstresun  welLs, 
Fand(T.  Those  wolls  ovidontly  ponotratod  two  ditforont  stratai  of 
water,  as  a  velocity  of  4S  foot  a  day  was  observed  l)etween  Vj  and  F, 
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-  while  a  second  result  was  strongly  developed,  indicating  a  velocity 
"between  K  and  (J  of  4.8  feet  a  day.  This  latter  rate  was  due  to  the 
lower  stmtuni  of  water,  whose  direction  of  motion  crossed  at  an  angle 
of  35  that  of  the  upper  current  of  disappearing  river  water.  Fur- 
ther observations  at  this  point  were  rendered  impossible  by  the  break- 
ing of  a  darn  some  distance  above  the  station,  which  completely 
flooded  the  wells  after  the  al>ove  observations  had  been  made. 

The  fourth  station  was  established  in  a  walnut  grove  on  Temple's 
ranch,  near  the  main  road  from  El  Monte  to  Downe}'.  This  location 
is  about  half  way  between  the  two  bluffs  of  the  narrows.  The  group 
consisted  of  four  wells,  and  a  velocity  was  found  to  be  rather  low,  14 
inches  a  day.  The  direction  of  flow  was  due  south. 
The  fifth  station  was  on  the  bank  of  the  San  Gabriel  River,  just 


0u70 

AMPE 

RECL 

RVP     \ 

VELL^ 

:" 

v''" 

- 

a  50 

20.40 

S'^ 

^*' 

^ 

* 

p 

.... 

v< 

'■"'n 

\.r 

6.6  Ft. 

Per  Oa^ 

\ 

Cwin^ 

^ 

bJ 

Z  0.30 

/i>^ 

~l" 

^ 

/- 

0.10 

r 

r" 

1 

AMPERE 

CURVI 

\  WEL 

.-£• 

/'" 

t\efj 

o4«..-- 

>--x 

'• 

/ 

^ 

^^ 

Casi 

ng 

T 

^.CT 



1 f- 

4  P.M.'  ft  a  10  P.M.         12  2  A.M.  4  6  8  10  A.M. 

* JULY  22 ** JULY  23 

niulerKroiiiKi  wulcr  iit  tlio  iiHrniWN  of  thf  Kio  HoikIo,  stiitioHH  1  uiid  '2. 


6  P.M. 
—  > 


above  the  head  works  of  the  Kanchita  and  Los  Nietos  ditches.  The 
velocity  determined  was  5.8  feet  a  day,  in  a  direction  due  .south,  mak- 
ing an  angle,  however,  of  about  45^^  with  the  direction  of  the  surface 
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Htreani  at  the  same  ix)lnt.     The  direction  of  flow  and  ampere  curve 
are  shown  in  tig,  4. 

The  cross  section  of  thealluvial  depositsat  the  narrows  of  the  Hondo 
and  the  San  Gabriel  is  about  10,000  feet  wide  and  probably  does  not 
exceed  GOO  feet  in  depth.  If  we  assume  that  the  porosity  of  the  under- 
flow gravel  is  33  per  cent  and  that  the  average  velocity  of  the  ground 
water  is  10  feet  a  day,  the  resulting  estimate  of  the  amount  of  water 
which  passes  underground  through  the  narrows  is  230  second-feet,  or 
nearly  four  times  the  flow  of  the  surface  streams.  This  is  undoubtedly 
a  maximum  estimate,  as  there  is  no  indication  that  the  average  velocity 
is  as  high  as  10  feet  a  day.  Four  feet  a  day  may  be  assumed  as  a  fair 
minimum  value  of  the  average  velocity.  This  would  correspond  to  a 
total  underflow  of  D2  second-feet. 


LOP 

o,to 

r 

AUP 

[BEC^ 

HVEK 

til*' 

Via 

,' 

^, 

/ 

y" 

*   VI 

..^ 

Si*. 

a7.a  \ 

T.«( 

B4T. 

\ 

MO 

t 

r$- 

* 

1 

'¥ 

- 

\ 

1 

'l_. 

.... 

jLfE 

T"^I 

jfisy. 

:r.. 

J- 

V 

^ 

\o 

s*: 

0.20 

( 

J\^ 

N 

13 

w.   % 

PM. 

-•JUL 

Y-2e  - 

]      TJ3 

P.lt,     T 

1      7$ 

M. 

ULY  3C 

i 

i     la 

Fig.  32. — Diagram  of  velocity  and  direction  of  flow  of  undergrouud  wat^^T  at  the  uanows  of  the 

San  Gabriel  River;  station  3. 

The  measurements  established  th(^  existence  of  a  distinct  underflow 
of  moderate  velocitv  through  the  alluvial  deposits  of  the  narrows.  In 
low  stages  of  the  surface  streams  the  underflow  probably  represents  a 
drainage  from  the  uppei*  valley  in  excess  of  that  discharged  by  the 
surface  streams.  The  substniitial  idcniity  of  the  water  of  the  under- 
flow and  the  water  of  the  surface  streams  is  proved  by  tests  w-ith  the 
Whitney  bridge,  so  that  we  may  coiKlude  that  the  original  mounbiin 
stream  ai)pears  at  the  narrows  as  a  composite  river,  consisting  of  sur- 
face stn^ams  bord(u*ing  both  the  east  and  the  west  bluffs  of  the  narrows, 
together  with  a  very  wide  and  deep  i)ut  slowly  moving  underflow 
occupying  the  entire  major  trough  of  the  valley. 


CHAPTER  V. 

MKASUREMENTS  OF  THE  irNDERFIiOW  AT  THE  NARROWS 
OF  THE  MOHA\^  RIVER  NEAR  VICTORVLLIiB,  CAIi. 

CONDITIONS  AT  THE   STATION. 

The  Mohave  River  rises  on  the  slope  of  the  Sierra  Madre  Moun- 
tains in  San  Bernardino  County,  Cal.,  its  headwaters  flowing  from 
elevations  of  5,000  to  8,000  feet.  After  following  a  general  north- 
erly course  the  stream  disappears  in  the  Mohave  Desert  a  short  dis- 
tjince  below  Barstow,  Cal.  After  leaving  ite  mountainous  canyon  the 
stream  gradually  loses  water,  and  for  a  large  portion  of  the  summer 
its  bed  is  dry  for  a  greater  part  of  its  course  on  the  plains.  At  a 
|)oint  about  16  miles  north  of  its  source  the  river  passes  through  a 
narrow  gorge  called  the  ''Narrows"  of  the  river.  The  granite  uplift 
which  forms  this  gorge  constitutes  a  dam  that  raises  the  underflow  to 
the  surface,  so  that  within  an  area  that  extends  from  a  point  a  mile 
and  a  half  above  the  gorge  to  a  point  a  considei-ably  greater  dis- 
tance below  the  gorge  the  stream  is  of  perennial  flow.  A  view 
of  the  narrows  of  the  river  is  shown  in  PI.  IX.  This  gorge  is  just 
south  of  the  village  of  Victorville,  Cal.,  a  station  on  the  Santa  Fe 
Railway.  The  place  had  been  under  investigation  as  a  possible  site 
for  a  dam  by  the  United  States  Geological  Survey  during  the  season 
of  1899  and  previously.  Reports  on  this  subject  will  be  found  in  the 
Eighteenth  Annual  Report,  United  States  Geological  Survey,  Part  IV, 
page  708,  and  the  Twent3'^-first  Annual  Report,  United  States  Geological 
Survey,  Part  IV,  page  471.  The  permanent  dry-season  flow  of  the 
river  at  the  gorge  varies  from  about  30  to  60  second-feet.  On  August 
15, 1902,  the  discharge,  as  measured  by  J.  B.  Lippincott,  was  33  second- 
feet.  Soundings  have  been  made  to  bed  rock  at  three  different  lines 
across  the  narrow  part  of  the  gorge  by  the  United  SUites  Geological 
Survey.  The  positions  of  these  cross  sections  are  shown  in  fig.  33. 
The  river-gage  rod  of  the  United  States  ( reological  Survey  is  located 
on  the  right  bank  of  the  river  at  the  end  of  line  3.  This  line  was 
selected  as  the  location  for  the  underflow  measurements.  The  maxi- 
mum depth  to  bed  rock  at  this  point  is  4(5  feet,  as  is  shown  in  the 
approximate  cross  section  given  in  fig.  34.  The  material  filling  the 
gorge  and  constituting  the  bed  of  it  is  a  coarse  anguhir  granite  debris 
of  a  size  somewhat  larger  than  buckwheat.  Mechanical  anal^^sis  of  the 
gravel  filling  the  gorge  is  given  inTable  VI  (p.  30).    Determinations  of 
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the  effectivo  size  of  the  gravel  by  King's  aspirator  showed  a  meai 
diameter  of  0.72  uiin.    The  samples  of  gravel  were  taken  from  tb 


Murfaoo  material.     Ilitifh  volooitios  of  tho  underflow  determined  at  cer 
tain  depths  indiciite  that  there  are  soini*  stn^iks  of  coarser  material. 
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DESCRIPTION   OF   EXPERIMENTS. 

The  site  selected  for  the  measurement  of  the  underflow  at  the  upper 
narrows  of  the  river  was  in  a  line  extending  across  the  river  at  right 
angles  to  its  main  course,  as  shown  in  the  plan  given  in  fig.  33.  The 
water  in  the  river  at  this  point  hardly  exceeded  a  foot  in  depth,  but 
the  water  spread  over  the  greater  portion  of  the  space  between  the 
banks,  necessitating  the  construction  of  a  small  foot  bridge,  shown  in 


Fio.  34.— Cross  section  of  the  narrowH  of  the  Mohave  River  at  which  the  underflow  was  measured. 
This  line  of  cross  section  corresponds  to  line  3  in  the  preceding  diagram.  The  rectangles  inclosing 
the  figures  represent  the  position  and  depth  at  which  the  underflow  was  measured.  The  figures 
lncl()8e<l  in  the  rectangles  represent  the  velocity  in  feet  per  day  at  that  point  in  the  cross  section. 

PL  X.  Another  view,  PI.  XI,  illustrates  the  method  used  in  putting 
down  the  test  wells.  The  double  row  of  test  wells,  A,  B,  C,  D,  E,  F, 
G,  II,  1,  were  driven  across  the  river  at  this  point  as  located  on  the 
plan  shown  in  fig.  35.  The  gorge  at  this  place  is  only  120  feet  wide, 
and  it  was  at  first  thought  unnecessary  to  drive  more  than  a  single 
downstream  well  for  each  measurement,  as  it  was  believed  that  the 
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Fui.  35.— This  plan  shows  the  position  <»f  (lio  various  tost  wells  used  in  the  underflow  investigation. 
Thr  principal  line  of  test  wells  rorresiMrnds  to  line  :i  of  fig.  IKi. 

underflow  nuist  move  through  the  gorge  in  a  very  direct  course.  It 
wan  doterniined,  however,  after  first  salting  the  upstream  W(»lls,  that 
the  ground  waters  must  be  moving  through  the  gorge  at  this  point  at 
a  slightly  ditl'ereiit  direction  from  that  of  the  surface  waters,  as  abso- 
lutely no  results  could  be  obtained  from  the  wells  as  first  arranged. 
Accordingly,  directional  wells   M,  X,  Y,  Z,  U,  K    were   driven  as 
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AMPERE  CURVE    FOR    WELL  B.    DEPTH  12  FEET.    VELOCITY:  9.6  FEET 
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AMPERE  CURVE  FOR   WELL  Y.  DEPTH    8  FEET. 
VELOCITY:  52.4  FEET     PER  24  HOURS 
36.0       •'  "       " 

FUi.  H7.— I)ia^jniin  .vlmwinn  vfl<M*ity  o(  umltrflow  ul  narrows  of  Mohavo  River,  htatum  E. 


U.    S.   GEOLOGICAL   SURVEY 


WATER-SUPPLY  PAPER  NO.  140     PU  X 


DRIVING  WELL  G  AT  UNDERFLOW  STATION   AT   NARROWS  OF    MOHAVE  RIVER. 
Showing  shallow  character  of  river  at  this  place  during  dry  season. 


U.    S.   GEOLOGICAL   SURVEY 


WATER-SUPPLY   PAPER   NO.   140      PL.  XI 


DRIVING  TEST  WELLS  AT   UN  DERFLOW  STATION   AT   NARROWS  OF   MOHAVE  RIVER. 
The  wooden  ram  used  weighed  about  60  pounds. 
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>wii  in  fig.  35.  In  order  to  determine  whether  a  variation  in  the 
•ection  was  the  cause  of  the  faihire  to  measure  the  underflow,  some 
eliminary  experiments  were  carried  out  at  the  position  lettered  E, 
•it  wells  X  and  Y  being  driven  18  inches  from  the  well  F.  After 
ese  wells  were  put  in  place,  the  well  E  was  salted.  This  test  turned 
it  to  be  unsatisfactory  also,  but  a  slight  rise  in  the  electric  current 
I  well  Y  was  noticed,  which  encouraged  the  belief  that  the  direction 
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-• A.M.  AUGUST  17TH  — f« — P.M.  AUGUST  1  7TH ► 

AMPERE  CURVE  FOR  WELL  Y.  DEPTH  14  FEET, 
VELOCITY:  55  FEET  PER  24  HOURS. 

Flo.  38.— Diagram  Bhowing  the  velocilty  of  underflow  nt  narrows  of  Mohave  River,  station  E. 


of  flow  had  been  missed  in  the  first  test.  It  was  sumiised  that  the 
ground  water  might  be  moving  so  rapidlv  as  not  to  give  time  for  the 
electrolyte  to  spread  sufficiently,  and  hence  was  able  to  pass  between 
two  downstream  wells  18  inches  apart.  It  was  also  possible  that  the 
direction  of  the  flow  was  to  the  left  of  the  new  well  Y.  In  order  to 
provide  for  this  contingency,  the  well  X  was  pulled  and  redriven  Id 
the  position  indicated  by  the  letter  Z,  18  inches  from  Y. 
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If  it  were  true  that  the  motion  of  the  ground  water  of  the  underflow 
might  be  so  groat  that  the  electrolyte  used  in  well  E  would  not  have 
time  to  spread  sufficiently  so  as  to  be  certain  of  coming  in  contact  with 
one  of  two  downstream  wells  18  inches  apart,  it  would  be  necessary  to 
modify  the  method  of  salting  E  so  as  to  cause,  if  possible,  a  wider 
path  to  be  traversed  by  the  electrolyte.  This- was  finally  accomplished 
by  introducing  into  the  well  E,  along  with  the  dry  sal  ammoniac, 
about  10  per  cent  caustic  soda,  or  common  soda  h'^e.  This,  of  course, 
brought  about  a  reaction  between  the  two  salts  in  solution,  ammonia 
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<^.M.  AUGUST  18THr^ P.M.  AUGUST  18Thh -— >. 

AMPERE  CURVE  FOR  WELL  F.  DEPTH  20  FEET. 

VELOCITY:  24  FEET   PER  24  HOURS 

jTm.  39.— Diaifmm  Khowmg  the  velocity  of  undtrllow  at  narrows  of  Mohave  River,  station  E. 

gas  l)cing  liberated.  It  was  believed  thiit  the  libemtion  of  the  gas 
would  rau.se  the  mixed  chemicals  to  sprt^iui  more  nipidly  in  the  ground 
waters.  This  latei*  seenjed  to  be  the  cast*,  for,  carrying  out  the  experi- 
ment in  this  way,  it  was  found  that  the  eh^ctrolyte  reached  well  Y, 
where  it  showed  itself  very  strongly  and  just  grazed  well  F.  The 
electrode  curve  for  well  Y  is  shown  in  tig.  40,  which  indicated  a 
velocity  of  ground  water  of  about  52.4  feet  for  twenty-four  hours. 
Thi.s  velocity  was  several  times  greater  than  any  previously  deter- 
mined, which  accounted  foi  the  diffi(ultie>  encountered  in  interpreting 
the  first  failure  and  in  getting  the  direction  of  flow.     After  this  expe- 
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^  all  of  the  upstream  wells  were  salted  with  the  same  mixture  of 
imoniac  and  caustic  soda,  and  no  further  difficulties  were  expe- 
m1  in  getting  the  velocity  and  direction  of  flow.  At  the  various 
ns.  A,  E,  G,  I,  determinations  of  velocity  were  made  at  various 
8,  as  is  shown  by  numbers  inclosed  in  rectangular  lines  at  appi*o- 
i  points  in  the  cross  section,  fig.  34.     The  pipe  <»sing  of  well  D 
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< A.M.  AUGUST  1  7TH -■— P.M, >■ 

AMPERE  CURVE  FOR  WELL  U,  DEPTH  25  FT. 
VELCX:iTY:  96  FEET  PER  24  HOURS 

<j.  40.— DiHRram  Nhowing  velocity  of  underflow  at  narrows  of  Mohave  River.  HUition  (i. 

:)und  to  ho  brok(»n  below  tlie  ground,  and  station  C  was  on  that 
nt  not  used. 

depths  below  tlie  surface  not  exceeding  25  or  30  feet  the  gravel 
»  <r<)ige  IS  comph^tely  silted  with  tine  material  deposited  by  the 
and  is,  of  course,  innxirvious.     At  stations  E,  G,  and  I,  after 
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the  well  points  wen»  driven  a  few  feet  l>elow  the  i)oint  at  which  the 
deepest  measurements  were  made  the  ix)ints  were  completely  embedded 
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A.M.  AUGUST  18TH.<> 


P.M.-AUGUST18Trt.-- 


AMPERE  CURVE   FOR  WELL  H.  DEPTH  30  FEET 
VELCX:iTY:  11.7  FEET   PER  24  HOURS 
Fig.  41.— Diagram  showing  the  velocity  of  underflow  tit  the  narrowB  of  Mohave  River,  Btation  i5. 

in  the  silted  gravel  and  no  water  could  l)e  drawn  from  the  wells  with 
an  ordinary  pump.     It  was  therefore  very  plain  that  the  underflow  oi 
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-r.M.  AUGUST  1  8TH^ 


AMPERE  CURVE   FOR  WELL  K.  DEPTH  24  FEET. 
VELOCITY:  9.1   FEET   PER  24  HOURS 
¥ui.  I'i..— DiaRmm  showinR  the  velotity  of  undrrllow  at  tlu*  narrows  of  Molinvo  River,  station  I. 

the  gorge  was  confined  to  a  depth  not  exceeding  about  80  foot.     Al 
of  the  velocities  determined  la  tlie  clear  gravel  of  the  gorge  ran  ver 
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^    ,^h,  three  of  tliem  exceeding  a  velocity  of  50  feet  for  twenty-four 

^  »ur8.     Taking  Schuyler's  figures  for  the  area  of  the  cross  section  of 

e  gorge,  4,160  square  feet,  and  assuming  a  mean  velocity  of  ground 

ater  in  the  entire  section  of   50  feet  for  twenty-four  hours,  and 

;timating  the  porosity  of  the  gravel  at  33i  per  cent,  the  total  under- 

""     ^DW  in  the  gorge  will  be  found  to  be  less  than  1  second-foot.     This 

lust   be   understood  to   be  a  maximum  estimate.     The   underflow 

robably  does  not  exceed  300,000  gallons   for  twenty-four   hours. 

.^he  gradient  of  the  water  plane  at  and  above  the  gorge  is  almost 

^fixactly  20  feet  to  the  mile. 

The  reproductions  of  photographs  shown  herewith  illustrate  the 

^nethod  of  driving  the  wells  used  and  show  the  small  footbridge  and 

:he  test  wells  that  were  put  in  place  during  the  investigation.     The 

— tent  appearing  at  the  left  of  the  cut  contained  the  instruments  from 

~which  wires  were  led  to  the  various  test  wells  (PL  IX). 

^  QUALITY   OF  THE   WATER. 

r^      The  quality  of  the  water  in  the  surface  stream  and  in  the  underflow 
r  of  the  Mohave  River  at  the  narrows  was  determined  by  tests  with  the 

—  Whitney  electrolytic  bridge,  and  the  amount  of  chlorine  in  the  water 
was  determined  by  titration.     The  water  is  remarkable  as  a  desert 

-  water  for  its  unusual  softness,  being  very  nmch  softer  than  the  usual 
water  found  in  southern  California,  as  at  Los  Angeles  and  neighboring 
points.  This  softness  is  undoubtedly  due  to  the  insoluble  character  of 
the  granitic  deposit  through  which  the  water  flows  after  leaving  its 
mountain  source.  It  should  be  remembered  that  both  the  surface 
water  in  the  stream  and  the  underground  waters  at  the  location  of  the 
narrows  of  the  Mohave  River  has  been  flowing  in  a  ground- water 
stream  for  10  or  12  miles  of  its  course.  As  all  of  this  water  reaches 
the  narrows  by  passing  underground  for  a  considerable  distance,  the 
results  of  the  few  tests  made,  given  herewith  in  Table  X,  are  of  con- 
siderable interest. 
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Table  X. — Quailtif  of  the  imt^r  in  thr  river  and  in  test  irelU  at  the  nahma  of  the 

Mohair  Rirer. 

(Total  «<>li<ls  wvrv  dftenniiied  with  the  Whitney  ekvtrolytie  hiidge.1 


Well. 

Date  (Au- 
Kiwt,  1902). 

10 
19 
10 
10 
10 
10 
15 
10 
15 

(") 

Depth  in 
feet. 

8 
12 
16 

7 
20 
20 
25 
14 

8 

Tempera- 
ture, ^  F. 

Re5iHtanc>«  in 
ohmii. 

Chlorlne^ta. 
per  100,000. 

ToUl  8Dli(K 
pt>.  perlOO.(IOO. 

A 

72 
67 
71 
72 
70 
70 
67 
72 
72 

67 

1,125 
1,150 
1,275 
1,150 

i/.m 

1,4<K) 
1,250 
1,200 

1,200 

14 

B 

c 

2.51 

15 
12 

F 

G 

1.77 

13 
12 

H 

H 

1.25 

12 
11 

J 

z 

1.77 

12 
12.5 

River  wa- 
ter   

2.01 

IS.  5 

a  Aug.  10.  7  a.  m. 

It  will  bo  noticed  that  the  teiupeiatiiro  of  the  water  from  the  deeper 
wells  was  somewhat  lower  than  that  n(»ar  the  surface,  and  the  deeper 
water  also  appeared  to  be  somewhat  softtM*.  The  temperature  of  the 
ground  waters  remained  nearly  constant  at  the  various  depths,  but  the 
stream  water  showed  very  marked  fluctuations  in  temperature,  as 
would  be  expected  in  a  shallow  dissert  stream.  The  tempei*ature  of 
the  stream  water  taken  in  th(*  morninjx  was  always  low.  The  temper- 
ature at  7  a.  m.  Auirust  lo  was  ♦m  F.,  which  was  the  usual  morning 
temperature.  Durintrthe  day  the  t(Mnp(Matun»  would  rise,  the  extent 
of  the  rise  depending  upon  th(»  chaijutcr  of  the  day,  temperatures  si^ 
hi^h  as  82  b(»inir  not  uncommon.  On  cloudy  days  the  temperature 
remained  low.  It  will  ])o  noted  from  the  table  that  the  temperature 
of  the  surface  stream  was  lower  than  the  temperature  of  the  upper 
underflow  watei's  at  night,  and  warmei*  than  these  waters  during  the 
daytime.  This  is  aln»ady  accountiMl  for  by  the  fact  that  the  surface 
waters  ri.se  from  the  underflow  but  a  mile  or  .so  above  the  narrows, 
the  surface  stream,  of  course,  representing  merely  the  surplus  of 
underflow  waters  as  the  groimd  water  approaches  the  narrows. 


CHAPTER  VI. 

MEA8U11KMKNTS  OF  THE  llATi:  OF  ITN  DEIIFJX)W  ON  liONG 
ISIiAXD,  XEW  YORK. 

CONDITIONS   EXISTING   AT  THE   STATIONS. 

The  following  determinations  of  ground- water  velocities  were  made 
along  the  south  side  of  Long  Island,  between  the  villages  of  Freepoii; 
and  Massapequa.  These  places  are  located  about  G  miles  apart,  on  the 
Montauk  division  of  the  Long  Island  Railroad,  which  between  these 
points  runs  nearly  east  and  west  and  is  about  1  mile  north  of  the  edge 
of  the  extensive  salt  marshes  which  border  the  Atlantic  Ocean. 

Freeport  is  about  24  miles  from  Brooklvn  Bridge,  and  Massapequa, 
6  miles  east  of  Freeport,  is  within  H  miles  of  the  western  line  of 
Suffolk  County. 

Within  the  6-miIe  stretch  above  mentioned  the  city  of  Brooklyn  has 
five  pumping  stations,  drawing  water  from  extensive  batteries  of  driven 
wells.  The  names  of  these  stations,  from  the  west,  are:  Agawam, 
Merrick,  Matowa,  Wantagh,  and  Massapequa.  There  is  a  brick  con- 
duit on  the  north  side  of  the  right  of  way  of  the  Long  Island  Railroad, 
into  which  the  water  from  the  pumping  station  is  discharged,  carrying 
the  water  by  gravit}^  to  a  pumping  station  at  Milburn,  just  west  of 
Freeport,  where  an  additional  lift  sends  the  water  into  the  cit}^  of 
Brookl^'n.  The  five  driven-well  plants  above  mentioned  are  used  for 
auxiliary  supph^  in  the  sunnner  months,  the  period  of  use  extending 
usuall}'  from  July  to  December,  but  varying  with  the  rainfall  and 
other  climatic  conditions. 

Within  the  6  miles  from  Freeport  to  Massapequa  the  conduit  crosses 
several  small  surface  streams,  four  of  which  have  been  ponded  and 
their  waters  gated  into  the  conduit.  These  surface  waters  flow  into  the 
conduit  the  3'ear  round,  the  driven  wells  constituting  the  auxiliary 
supply. 

The  particular  district  under  discussion  was  selected  as  the  object 
of  study  because,  in  the  first  place,  the  re^^ion  seemed  typical  of  con- 
ditions on  the  southern  side  of  the  island,  and,  secondly,  because  the 
ground  water  was  substjintially  in  normal  condition,  owing  to  the  fact 
that  the  driven-well  plants  had  not  been  operated  since  the  previous 
December.  The  purpose  of  this  work  was  to  determine  the  principal 
facts  concerning  the  underground  drainage  of  tiie  island,  so  that  a  pre- 
liminary basis  could  be  secured  for  an  estimate  of  the  amount  of 
ground  water  available  for  numicipal  supply. 
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lay  sheet,  and  to  determine  the  order  of  magnitude  of  such  a  move- 

iient  if  it  existed.     Whenever  there  exists  in  any  drainage  area  a 

~   >ody  of  ground  water  which  does  not  escape  into  the  beds  of  surface 

^ ,  streams  as  seepage  water,  but  continues  a  seaward  course  through  the 

tfinds  and  gravels  quite  independent  of  the  surface  streams,  this  mov- 

ng  sheet  of  water  is  known  as  the  ''underflow."    One  of  the  prob- 

2   .ems  was,  therefore,  to  determine  whether  or  not  a  true  underflow 

7  existed  in  this  part  of  Long  Island,  and  to  learn  something  of  its 

"  magnitude  if  it  was  found  to  exist.    Another  problem  was  to  discover, 

if  practicable,  if  any  part  of  the  underground  drainage  existed  below 

the  bed  of  clay;  in  other  words,  it  was  sought  to  determine  whether 

the  underground  drainage  consisted  only  of  a  surface  zone  of  flow,  or 

whether  a  deeper  zone,  or  possibly  several  deeper  zones  of  flow,  were 

also  present. 

In  respect  to  the  first  problem  above  mentioned — the  existence  of  an 
underflow — there  can  be  no  question  that  a  true  underflow  of  consider- 
able importance  exists  within  a  depth  below  the  surface  of  40  to  60 
feet.  In  practically  all  of  the  stations  established  a  good  movement 
was  found  to  exist,  having  a  strong  southerly  component,  and  surpris- 
ingly free,  in  many  cases,  from  the  influence  of  neighboring  surface 
streams.  The  velocity  near  the  surface,  16  to  24  feet  below  the 
water  plane,  ran  as  high  as  5  to  12  feet  per  day.  At  greater  depths 
of  30  and  42  feet,  respectively,  the  velocities  were  in  each  case  about 
15  inches  per  day.  At  station  9  the  sand  was  so  fine  at  a  depth  of  46 
feet  that  it  could  not  be  prevented  from  ranning  into  the  bottom  of 
the  well  above  the  top  of  the  well  strainer  so  that  the  wells  could  not 
be  used. 

The  existence  of  a  deep  zone  of  flow  was  also  established.  At  station 
15  clay  was  encountered  at  a  depth  of  about  44  feet.  These  wells  were 
driven  to  a  depth  of  about  62  feet,  when  an  artesian  head  of  about  30 
inches  developed.  A  measurement  was  then  made,  the  screens  on  the 
wells  being  just  below  the  impervious  layer.  A  velocity  of  6  feet  a 
day  was  found  to  exist  in  a  direction  about  10°  west  of  south.  The 
rate  of  flow  at  the  same  point  just  above  the  clay  was  only  18  inches  a 
day,  so  that  a  true  "deep  zone  of  flow"  undoubtedly  exists  at  this 
point.  This  result,  although  very  important,  was  not  surprising,  as 
it  had  alread}^  been  well  established  by  the  work  of  Mr.  A.  C.  Veatch 
and  others,  of  the  United  States  Geological  Survey,  that  the  clay 
la>'er,  formerly  supposed  to  be  of  wide  expanse  and  quite  unbroken, 
is,  as  a  matter  of  fact,  absent  over  considerable  areas  of  the  island,  so 
that  no  reason  exists  why  a  part  of  the  underground  drainage  should 
not  exist  below  this  impervious  bed.  It  is  strongly  urged  that  fur- 
ther measurements  below  the  clay  be  made.  Measurements  made 
some  distance  to  the  east  of  the  present  work,  say,  in  Suffolk  County, 
would  be  of  especial  value  in  indicating  the  ax*eal  extent  of  this  deep 
zone  of  flow. 
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The  surface  zone  of  flow  of  the  underground  waters  is  probabiT 
divided  into  a  nunil>er  of  drainage  areas^  although  it  is  exceedingly 
doubtful  if  the  underground  drainage  basins  coincide  very  cloeelv 
with  the  drainage  areas  of  the  nurfai^e  streams.  In  general,  the  veloc- 
ities seemed  to  increase  from  west  to  east,  the  lowest  velocities,  how- 
ever, corresponding  *  to  a  middle' area,  where  the  yellow  gravels 
contained  a  quantity  of  fine,  clay-like  silt.  The  Wantagh  are* 
seemed  to  have  the  largest  underflow.  It  would  be  exceedingly 
interesting  to  have  series  of  measurements  extending  eastward  into 
Suffolk  County.     By  increasing  somewhat  the  number  of  stations  in 
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AUC.  21 
VELOCITY  6   FEET    PER    DAY. 

Fi<}.  4;?.— Diupmm  showing  velocity  and  direction  of  the  flow  of  unilerjo^iind  water  nt  Wantach 
pumping  i^tHtion  (station  '^X).  Vel(K'ity,  f.  fret  a  «lny.  S.  !(►  K.  This  velocity  wa.sdctvniiinc<I  while 
pumps  were  dmwinj^  wiiter  from  the  wells  (»f  the  driven  wrll  plant  at  a  rate  of  4.3<i6,000  f^Ilon:*  per 
twenty-four  hours.     No  velocity  <leteeted  when  not  pumping'. 

the  area  alrendy  coveriHl  and  coinpjirifi^*  with  results  from  drainage 
areas  in  Suffolk  County,  ii  coinparative  study  of  underground  drain- 
age systems  would  result  wliich  ou^ht  to  have  niueh  value  in  planning 
sources  of  supply  for  Brooklyn. 

The  details  of  the  measurements  are  <riven  in  the  rej)orti:j  on  indi- 
vidual stations  contained  in  Table  XI.  The  loeations  of  the  stations 
are  shown  in  fig  57,  and  the  curv(\s  of  electrical  current  for  the  vari- 
ous stations  are  given  in  rigs.  5  and  43  to  50. 
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Table  XL — Underflow  rneaguremeiUs  on  Long  Island. 


Velocity  ' 

Number  jofgruund 

ofHtation.i    water;    ' 

feet  u  day. 


Direction. 


]>aUs  1903. 


1 

2X.'J 

3 1 

4 ! 

:x:::l 

5  Y  ...I 
6 1 


S.  10°  E. 


8 

8 

10 

11 


6 

2 

2 

6.4 

5.4 

8.0 

5.0 

2.6 

0.0 

3.1 


S.  40°  E . 


12... 


13.... 
13.... 
14.... 
15.... 


S.  8°  W  . 
S.  8°  W  . 
S.  22°  E. 
S.  8°  W  . 

S 

S 

N.  :i4°  w 


2.  ()      :  S.  37°  E . 

i 

0.0       ' 


1.07     ;K3°E.... 


96. 
H.9 
9.3 
1.53 


.    June  21.... 

June  24 

Aug.   21 

June  26 

June  27 

.'  June  29 

July  3,  4... 

Aug.   19.... 

July  1,  2... 

July  5,  6... 

July  9, 10,11. 

Julv  14, 15, 
16,17. 

Julv  17,18, 
19,  20. 

July       27- 
Aug.  8. 

July       27- 
Aug.  1. 

Aug.  3,  4... 

Aug.  3,  4... 

Aug.  5,  6... 


Depth  of 

welLs  in 

feet. 


Kind  of  point 


15  X...'     6.00       8.  15°  W 


Aug.  6,7,8, 
9,10. 

Aug.  17, 18, 
19. 


16 0. 

16  X. ..I  77 

16X  ...!  11.6 

17 j  10.6 

18 '  1 

21 '  21.3 


S.  :^°  E . 


.    Aug.  10,  11. 

.'  Aug.  13,  14. 

.    Aug.  13,  14. 

.1  Aug.  12,  13. 

.[  Aug.  15-21. 

.    Aug.  18,  19. 

22 '     5.6(?)    S.  30°E...    Aug.  20,  21. 


S.  fi0°  E . 
8.  60°  E . 
S.  30°  W 

S 

S.  50°  E . 


22 
22 
22 
22 
22 
22 
22 
22 

20 

21.6 

21.6 

28 

22 

27 

16 
16 
17 
42 

62.5 

16 

16 

16 

20 

62 

16.5 

16 


Perforateil  pipe. 

Do. 

Do. 

Do. 

Do. 
Common  point. 

Do. 

Do. 

Do. 

Do. 
Open-end  point. 

Do. 

Common  point. 

Do. 
Open-end  point. 

Common  point. 

Do. 

Do. 
Open-end  point. 

Do. 

Common  point 

Do. 

Do. 

Do.   . 
( )i)en-eu<l  }X)int. 
Ck)mmon  })oint. 

Do. 


No.  of 

text 

figure. 


5 
43 


44 

45 
46 


47 
48 


49 

53 

50 
51 

52 


I  54 

55 


56 


INFLUKNCK   OF   THK    RAINFALL  UPON   THK    KATK   OF   MOTION  OF  GROUND 

WATERS. 

An  excellent  opportunity  was  presented  at  one  of  the  stationn  for 
noting  the  influences  of  a  heavy  niin  upon  the  velocity  of  ground 
waters. 

At  station  5,  A<^awani  ])uinpin{(  station  (see  Hgs.  58  and  44),  the 
upstream  well,  A,  was  salted  at  l>.4r)  a.  in.,  June  29,  19i)3.     Between 
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9  a.  m.  and  1  p.  in.  nearly  8  inches  of  rain  fell,  so  that  the  heavy 
precipitation  coincided  with  the  early  part  of  the  ground-water  meas- 
urements. The  velocit}'  found  was  6.4  feet  a  day.  On  July  3  the 
experiment  was  repeated,  there  being  no  rain  in  the  intervening  time. 
The  velocity  found  in  the  second  trial  was  5.8  feet  a  day.  The  change 
in  velocity  was  undoubtedl}^  due  to  the  enormous  rainfall  during  the 
first  experiment.  Part  of  the  high  velocity  during  the  rain  storm  may 
be  attributed  to  the  low  barometer  accompanying  the  storm,  but  part 
■I 
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Fig.  44.— Diagram  showing:  three  determinations  of  velocity  «n<l  direction  of  flow  of  underi?roun<l 
water  at  Agawam  pumping  station  (station  5),  Nornuil  velocity  of  ground  water.  5.4  feet  a  day, 
S.  8°  W.  Velocity  daring  heavy  rain.  0.1  feet  a  day.  S.  22'^  E.  Velocity  while  pumpin^^  fn>m  the 
lines  of  driven  wells.  «  feet  a  day.  S.  '£2P  E. 

of  it  should  bo  assigned  to  the  increased  head  of  ground- water  pressure 
and  to  increased  load  carried  by  the  soil,  cjiused  by  the  heavy  rainfall 
upon  the  receiving  area. 

As  is  shown  in  another  place  ^  ground  waters  move  ver}^  much  as 
electricity  is  conducted  in  a  good  cotiductor,  the  most  striking  quality 
being  an  almost  complete  absence  of  true  inertia  in  ground- water 
motions.     The  motion  of  a  mass  of  ground  water,  men  for  the  higheiiit 


aNineteenlh  Ann.  Kept.  V.  S.  i\vo\.  Survey,  pt.  2.  is^J.  p.  'S.\\. 
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-i.  locities,  is  so  slow  that  the  resistance  to  an  accelerating  'orce  repre- 
-,^  .ited  by  the  inertia  of  the  ground  water  is  almost  nothing  when 
^      "nipared  with  the   component  of  the   retarding  force  due  to  the 

_^  pillary  resistiince  in  the  small  pores  of  the  sand  or  gravel.  Actual 
^I~  »mputntion  will  show  that  in  a  uniform  sand  of  diameter  of  grain  of 
^  ^  le-half  millimeter,  the  ground  water  will  reach  within  1  per  cent  of 
\  _^s  final  maximum  velocity  due  to  a  sudden  application  of  pressure, 
"_~  r  head,  in  approximatel}^  thirty  seconds  of  time.  This  surprising 
"*  esult  of  the  theory  of  ground- water  motions  receives  a  very  striking 
erification  in  the  increase  in  velocity  noted  during  the  rainstorm  as 
lescribed  above. 

11  L.     I.     R.    R. 
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VELOCITY    5   FEET    PER     DAY. 


Fi<;.  •!.').— Diugniin  showing  velocity  ami  direction  of  flow  of  umleixr^Miiid  water  at  Agawain  pumpini? 
NtutioTi  (station  iii.    This  stiition  i>^  l(M*jit(Ml  lu'ur  Htation  .'>,  but  wells  were  12  feet  deeper. 


Thes(»  results  have  important  bearings  on  our  knowledge  of  ground- 
water phenomena  in  the  neigh))orliood  of  a  well.  They  indicate  that 
the  velocity  of  the  <ifroun(l  waters  in  the  neigh})orhood  of  a  well  reaches 
a  maximum  value  soon  aft(*r  pumping  is  conunenced.  The  gradual 
formation  of  the  cone  of  depression  near  the  well  shows  that  there 
must  be  a  pro-Lcre^sive  augmentation  of  the  initial  velocity  of  the 
ground  waters  toward  the*  well.  Nevertheless,  the  rate  of  depression 
of  the  vvat(M-  tal)le  is  so  slow  that  the  ground-water  motion  established 
soon  aft(M'  thi^  pumpinii*  has  begun  is  substantially  the  same  as  its 
value  aft<M'    prolonged    [)umping.     Th(\se    remarks   have   their   most 
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importiuit  iMMirintr  uyHm  tlu>  phenomena  of  the  mutual  interference  of 
wells.  The  int^M'fenMice  of  one  well  with  the  supply  of  a  neighboring 
well  is  thus  seen  to  eoiiie  into  existence  almost  instantaneously  And 
nee<l  not  wait  for  the  establishment  of  a  cone  of  depression  of  large 
area.  The  phenomenon  of  the  <-()ne  of  depression  has  much  to  do  with 
the  }x»rman<Mit  supply  of  the  well,  hut  has  slight  bearing  upon  the 
proper  sjmeinj^  of  the  wells  or  the  jx'reentaj^e  of  interference  of  one 
well  with  another. 
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VELOCITY     2.6    FEET     PER  DAY. 

Y\u.  ir..— Diaf^rani  sli<»wiii^'  v«l<Mity  ami  <liri(lit'n  of  !l<>\v  <if  nmliTKroiiiul  water  at  EaM  M(*Ad«'V 
Bronk  ami  Hal)ylnn  Hi)a<l  (station  7'.  Tlli"^  >t4iti<'ii  i-  u  A\i\x\  distaiirc  alM>ve  Agawam  IHmd.  nnd 
till'  vrlociiy  i>  pHhi.rd  \\\  flu-  Hat  watt-r  plain-  «lu«'  !■>  the  prt'<(in«'  of  \\\v  jMmd.  Velocity, 'i.Gfv^l  a 
(lay.  south. 


SKKPAiJK    WATKKS    KKOM    I'OMVS    AND    UKSKKVOIKS. 

Th(»  work  on  Lon^r  Ishmd  jill'ordiMl  some  unusujilly  good  opjX)rtuni- 
ties  of  (ietcrminin*^  the  rutc  of  s(M'|);iL:t'  Ix'low  the  iui|)oundingdanisof 
some  of  th(*  .storac^c  ponds  wliich  th(^  Brooklyn  Water  Works  ha^ 
e.stahlished  north  of  the  conduit  linr  inferred  to  in  the  opening  pages 
of  this  ehii])ter.  Tlie  butteries  of  dri\ m  welU,  wliich  have  l)een  placeil 
a  few  hundred  feet  south  of  nearly  all  of  tlie.M'  ponds,  were  not  used 
during  the  sununcM*  of  IIMk;,  as  the  heavy  rains  fiu*nished  a  sufficient 
quantity  of  surface  water,  and  the  auxiliary  su])ply  from  the  wells  wjl< 
not  drawn  upon,  as  usual,  during  ffuly  and  August.  Station  5  is  below 
the  Agawatu  Pond  and  somewhat  within  the  \\\w  of  .seepage  from  the 
l^ond,  as  can  he  scmmi   hy  consulting  tig.  ■,^>>.     The  normal  velocitv  of 


\         ICHTER.] 


LONG    ISLAND,   NEW    YORK. 


73 


:r_-_  round  water  at  this  stjitioii  is  5.3  feet  a  day.     At  station  7,  just  north 
r-    f  the  pond,  the  velocity  was  2 J)  feet  a  day.     It  seems  clear  that  the 

-  1.  .atunil  velocity  at  these  points,  if  the  influence  of  the  dam  and  pond 
7  .-vere  removed,  would  })e  about  4  feet  a  day.     The  velocity  at  station  6, 

;j^70cated  but  a  few  feet  from  station  5,  was  5  feet  a  day  at  a  depth  of  34 

-  ,  'eet,  as  compared  with  5.3  feet  a  da}^  at  a  depth  of  22  feet.     The  dam 
,:.-ias  the  effect  of  making  the  water  Uible  nearly  level  in  the  immediate . 

neighborhood  of  tlie  pond,  and  also  of  greatly  augmenting  the  slope  of 
the  water  ta>)le  for  a  short  distance  below  the  pond.  The  lower  velocity 
alK)ve  the  pond  and  the  higher  velocity  below  the  pond  correspond 
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VELOCITY    3.1    FEET    PER    DAY 
Fig.  47.— Diagram  showing:  velocity  and  direction  of  flow  of  underKround  water  near  Merrick  pump- 
ing Htation  (Station  H).    Tlu*  ground  water  at  this  point  slopes  in  a  northerly  direction  toward  the 
brick  <'onduit  north  <)f  the  I^mg  Island  Kailroa<l.    The  vehH'ity  found  wa«  3.1  feet  a  day,  N.  S4°  W. 
The  northerly  flow  at  this  ]H»int  i.s  undoubtedly  due  to  Hcepage  into  the  conduit. 


with  these  facts.  When  there  was  no  flow  over  the  waste  weir  of  the 
dam,  the  flow  of  the  small  stream  which  rises  below  the  dam  was  meas- 
ured at  the  bridgt*  marked  A  in  flg.  58.  On  •luly  10  this  flow  was  1.2 
second-feet,  pnictically  all  of  which  represented  seepage  water  from 
the  reservoir. 

A  How  of  1.2  second-f(»et  or  103,000  cubic  feet  a  day  represents  an 
amount  of  water  flowing  through  a  bed  of  sand  30  feet  deep  and 
1,000  fo(*t  wide,  at  a  v(»locity  of  I  foot  a  day,  the  porosity  of  the 
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sand  siij)p()s<Hlly  boiii^  ocjual  to  ono-tliinl.  The  normal  velocity  of 
the  ground  wut^M-  is  augmented,  as  shown  by  the  measurement  quoted 
above,  by  somewhat  mon»  than  1  foot  a  day.  The  width  of  the  lower 
end  of  this  jMjnd,  or  tlie  length  of  the  earthen  dam,  is  about  l,rkM)  feet, 
so,  basing  tlie  estimate  on  this  minimum  length  and  on  a  minimum 
depth  of  Ho  U'vtj  an  augmented  velfn-ity  of  1  foot  a  day  would  give  a 
mininnim  (Estimate  of  the*  seepage  from  the  dam  of  l.tJ  second-feet. 
Since  1.2  second -feet  are  known  to  actually  come  to  the  surface  to 
feed  the  stream  Im»Iow  the  dam,  it  is  evident  that  this  estimate  of  seep- 
age is  a  minimum.     It  s(»enis  evid<nit  that  a  ccmsiderablo  volume  of 
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VELOCITY    n.G    rCElT    PER    DAY. 
Fi<i.  l.*<.--I)iaKrnin   vhuwiiii,'  vrl«»'ity  jinil  <lin'cli<iii  cf  tl<»\\   of  iiinl«'rj:miiTul  w»i:<  "  at  Codiir  Bri«»»k 
ivlatioii  U»i.     'rhi<  •^Iiition  i.**  mImim- Ct-dar  Hrook  I'kikI.     'I  Im' vdiwity  is  !».('.  iVct  a  i.iy.  S.  :i7"  K- 

seepage  wjitcr  could  ho  recov^MMul  hy  exttMuliiig  the  Tne  of  driven 
wells  of  tlie  Agawani  ])nniping  station  to  the  rust  of  the  present  ternii- 
mis,  11  distance  of  ♦►()()  or  7<M»  t'cct,  without  serious  lowering  of  the 
water  ])laiie. 

A  test  well  was  driven  in  tli(^  lower  south  end  of  Agawam  Poni  to 
a  de])th  of  lo  feet  to  determine  llu*  ])ressnre  gradi(Mit  of  ground  ^vai^■r 
h(Mieath  the  surface  of  the  pond.  The  water  in  this  test  well  stoo'' 
about  1  foot  lower  than  the  water  in  tin*  ])oiul  itself,  showing  a  .^lope 
of  the  wjiter  plane  or  a  hydraulic  gradient  of  T  feet  to  a  mile. 
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.     The  gradient  of  thie  water  plane  below  the  dam — that  is,  between  the 
.  m  and  station  5 — was  17  feet  to  the  mile,  so  that  the  velocities  to  be 
mpared  are; 

Station  7  above  pond;  gradient,  7  feet  per  mile;  velocity,  2.6  feet  a  day. 
Station  5  below  pond;  gradient,  17  feet  per  mile;  velocity,  5  feet  a  day. 

•  These  results  check  very  favorably,  especially  when  it  be  considered 
lat  the  gradient  above  or  north  of  station  7  was  probably  10  or  12 
eet  per  mile,  which  would  make  the  effective  gradient  at  this  station 
--omewhat  greater  than  7  feet  per  mile. 
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VELOCITY   1.07    FEET    PER    DAY 
Fio.  49.— Diagram  showinsr  vehK'ily  and  iHreotion  of  the  flow  of  underground  water  at  Grand  Avenue 
and  Newbridge  BnM)k  (station  12).    Velo<ity,  1.07  feet  a  day.  8.  3°  E.    This  is  the  loweHt  velocity 
determined  on  Long  Island. 

Very  striking  results  were  obtained  below  the  dam  at  the  Wantagh 
Pond,  whoro  measuroinonts  wore  undertaken  to  determine  the  rate  of 
seepage.  Tlic  dam  of  Wantagh  Pond  runs  pamllel  to  the  right  of  way 
of  the  Long  Island  lijiilroad,  about  75  feet  north  of  the  road,  and  has 
an  extreme  length  of  500  or  <30()  feet.  About  150  feet  south  of  the 
milroad,  downstream  from  the  reservoir,  the  city  of  Brooklyn  began 
in  1903  th(»  construction  of  an  infiltration  gallery,  consisting  of  a 
line  of  30-inch  double-strength  tile,  laid  at  a  depth  of  !♦>  feet  below  the 
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VELOCITY   8.6    FEET   PER    DAY. 

Fig.  60.— DIagnun  Hhovring  velocity  and  direction  of  flow  of  undeiSTonnd  wmter  at  BeUeme  i 
(station  14).    Velocity.  8.6  feet  a  day.  flooth. 
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VELOCITY  1.53    FEET    PER    DAY. 


II  H. 

AualO V 


Fio.  61.— Diagram  allowing  velocity  and  dirt*etif)n  of  the  How  of  un«lergn>und  water  at  Bellevu 
road  (station  16).    Velocity,  1.63  fwt  n  clay,  >«>"th. 
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^ter  plane.     It  is  proposed  to  extend  thin  gallecy  for  a  mile  east  and 

st  from  the  Wanta^h  pumping  station.     Stations  13, 16,  and  17  were 

ablishcd  for  the  purpose  of  measuring  the  normal  ground-water 

locities  at  the  depth  (16  feet)  of  the  proposed  gallery.     Two  of  these 

itions  are  immediately  south  of  the  pond  and  in  the  apparent  direct 

le  of  seepage,  while  station  17  is  located  slightly  east  of  the  edge  of 

le  pond  and,  as  seems  evident  from  fig.  59,  just  on  the  edge  of  the 

n  influence  of  seepage  from  the  ponds.     The  seepage  velocities  at 

:ations  13  and  16  turned  out  to  be  enormous,  the  velocity  at  station 

3  l>eing  96  feet  a  day,  south,  while  at  station  16  the  velocity  was  77 

eet  a  day,  the  direction  being  about  30^  east  of  south,  the  deflection 

fcing  toward  the  neighboring  stream,  as  shown  in  fig.  59.     These 
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VELOCITY  6    FEET    PER     DAY. 
Fi(}.  52.— Diagram  showiiij^  velocity  nnd  direction  of  the  flow  of  underground  water  at  Bellevue 
road  (station  15  X).    Velwity,  6  feot  a  day,  S.  15°  W.    This  Station  is  the  same  as  station  15,  but 
moasuroinent  of  velocity  waH  made  below  a  stratum  of  clay  or  bog  material  at  a  depth  of  62.6  feet, 
liO  feet  decfKir  than  the  m».'»murement  shown  in  fig.  51. 
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velocities  are  the  highest  the  writer  has  determined.  They  may  be 
regarded  as  record-making  rates  for  the  horizontal  motion  of  ground 
waters.  Both  measurements  were  made  with  the  recording  instru- 
ments, and  by  consulting  the  curves  in  figs.  53  and  54  it  will  be  noted 
that  each  curve  has  two  maximum  points,  which  must  correspond 
to  the  velociti(\s  in  two  distinct  layers  of  gravel.  The  secondary  veloc- 
ity for  station  13  was  7.4  f(*et  a  day  and  for  station  16, 11.3  feet  a  day. 
A  very  striking  verification  of  the  fact  that  the  high  movements  here 
found  were  due  to  the  escape  of  water  from  the  pond  will  be  noted 
when  the  temperatures  of  the  waters  in  the  wells  of  these  stations  are 
compared  with  the  temperatures  of  the  water  in  the  pond  and  the  water 
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.iter  hits  not  time  to  be  reduced  to  the  normal  temperature  of  the 
^  ound. 

^   The  velocity  at  station  17  was  10.6  feet  a  day  in  a  direction  30^  west 

south.     The  tempi^rature  of  the  water  was  61.5"' F.     The  ground 

,ater  at  this  point  is  probably  not  entirely  free  from  the  seepage 

J'ater  from  the  pond.     The  direction  of  flow,  the  velocity,  and  the 

"imperature  of  the  water  all  indicate,  however,  that  a  considerable 
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VELOCITY:  (0  77  FEET  PER  DAV;  (2)  11.6  FEET  PER  DAY. 

Fig.  54.— Diagram  showiiifr  vi'iocity  uiui  <lire(  tion  of  flow  of  undergnMind  water  tit  Wantagh  Pond 
(station  in  X).  Thi.s  station  is  near  stati')n  18,  and  the  vMirve  shows  two  ditjtinet  velocities  in  dif- 
ferent strHl4i.  Vt'loeilies,  77  nid  ll.o  feel  .\  lay,  S.  60**  E.  The  stream  just  eu«t  of  the  station  seems 
to  defleet  the  direction  of  Mow  icwani  :t.-eif. 

part  of  the  water  is  the  natural  underflow,  which  at  this  point  is 
diverted  toward  th(»  lowland  occupied  by  the  streams  below  the  pond. 
There  can  be  no  doubt  but  that  the  j)rop()se(l  inflltmtion  gallery  will 
intercept  a  large  amount  of  seepage  water  from  the  j)ond,  which  at 
the  present  time  runs  entirely  to  waste.  The  amount  of  seepage  in 
the  tirst  16  feet  in  depth  is  probably  somewhat  less  than  3  second-feet 
per  1,000  feet  of  length  of  cross  section,  or  about  2,000,000  gallons  per 
twentv-four  hours. 
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At  station  21,  IcH-atrd  just  r1x)vo  Wantiigh  Pond,  the  vclcK*ityatt 
depth  of  17  ft»ot  was  :>1.3  foet  a  day  in  a  direction  60^  cast  of  mmik 
This  station  is  near  tiio  west  Iwink  of  the  main  brook  that  foods  the 
pond,  and  tlio  jjroator  portioji  of  tho  ground-water  at  this  point 
percolates  into  tho  In^d  of  tiio  stream.  The  true  underflow  at  thk 
I)oint  oan  l)o  found  hy  taking  the  southerly  coniix)nont  of  this  velocity, 
which  gives  lo.tJ  feet  a  da}-.  The  teniiM»rature  of  the  {''round  water  at 
this  point  w:is  !>s    F. 
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VELOCITY   10.0     FEET     PER     DAY. 
DiMK'niin  shnwitiK'  vrlm-ity  iitkI  dinMlion  of  tin-  flow  df  mnU'rjrrouiul  waUT  m*.  Wniiu^h 
I'oiKl  i-tJitinTi  17  .     Vrliicity,  li't;  i".-.  t  ii  .lay.  S.  IKr"  W. 


The  increase  of  underllow  r.ite  at  tlu*  WaiitaLrh  Pond  from  10.r>  feet  a 
day  ab()V(»  the  pond  to  *.M>  and  77  tVet  a  day  i>^l()\v  the  pond,  as  com- 
pared with  veh)eities  above  and  })olow  A<rawam  ^^)Ild,  2.0  and  5.3  feet 
a  day,  r(\s])ectively,  is  rasily  uiidcM'stood  whtMi  tin*  material  eonstitiit- 
hiir  the  bottom  of  tht*  ponds  is  ins])('ct(Ml.  The  mat(»rial  at  Agiiwam 
is  j^ood,  the  soil  bcinj,^  iinc*  and  eomj)act,  whih*  at  Wantaj^h  the  bottom 
of  the  jK)nd  is  very  sandy,  in  some  places  havinji"  a  closer  resemblance 
to  a  tilter  bed  than  to  a  puddled  door. 
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^      -  FLUENCK     OF     l»UMPIN(i     i;i*ON     THE     RATE    OF    MOTION     OF    (JROUND 
"__  \     WATERS   NEAR  SOME   OF   THE   BROOKLYN    DRIVEN  WELL   STATIONS. 

Throuji^h  the  courtesy  of  Mr.  I.  de  Verona  an  excellent  opportunity 

--  'as  furnished  the  writer  of  making  some  observations  on  the  influence 

.  f  pumping  upon  the  normal  mte  of  motion  of  ground  waters  in  the 

^-  eighborhood  of  some  of  the  Brooklyn  driven-well  stations.    For  this 

r  pec^ial  purpose*  the  pumping  stations  at  Agawam  and  Wantagh,  which 

ad  l)een  idle  since  Decemln^r,  1902,  were  started  up  for  two  days  each 

n  August,  1903.     Agawam  was  operated  continuously  from  7  a.  m., 
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VELOCITY  21.3    FEET    PER    DAY. 

Fifi.  .V5.— IHjikTHin  showing;  vt'ltK-ity  nnd  diriMtion  of  the  flow  of  nnd«»nfnmml  WHtor  (Ktation  21). 
VclcM'Iry.  LM.:i  fn-t  a  ilay.  S.  W  K. 

August  lt>,  to  T  a.  ni.,  August  I'o.  At  the  Agawam  station  observa- 
tions were  made  at  sUition  .5  by  means  of  the  recording  instrument. 
Well  A  was  charged  at  4  p.  m.,  August  ]*.♦,  or  aft(»r  nine  hours  of  con- 
tinuous pumi)iTig.  AftiM"  this  l(Migtli  of  time  it  was  expected  that  the 
maximum  rate  of  How  of  ground  wat<M'  would  be  (established,  although, 
of  course,  the  coiu*  of  depnvssion  near  tlu*  wells  would  still  be  chang- 
ing quite  rapidly. 

Station  T)  is  :50  feet    north  of  thc^   intersection  of  the  chief  suction 
mains  communicating  with  tlu^  line  of  driven  wc^lls  and  12  feet  east  of 
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the  central  disclmr^o  iniiin  (sci*  tijr.  i>s).  The  depth  of  the  test  we'b  w 
22  foot,  while  the  depth  of  the  80  wells  of  the  AgBwaiii  station  system 
various  from  30  to  105  feet. 

The  rate  of  pumping  during  the  forty -eight -hour  toMt  wais  very  uni 
form,  at  an  average  rate  of  :2,2r)0,<M)o  gsillons  per  twontv-four  hours. 
The  vacuum  at  the  pump  was  maintained  at  24  inches,  while  that  at 
the  iirst  well  east  of  the  (»ngine-house  wjls  23.2  inches.  The  charge 
of  the  centrifugal  pump  was  dropfx^d  from  4  p.  m.  to  4,40  p.  m.. 


Fk;.  r)T.— Map  showing  Idralitui  of  o\tTtl.»w  station^-.  ;ii  w  Ircli  tlcti'iiniiiutions  «>f  ih^  rjiU*  of  flow  I'f 
u!KliT>,'n>iiiMl  WHt<'r  wtn- Iliad*' oil  l^»iiir  I>ljmil.  1  li.  Hi.i<)kl\n  drivru-wt-U  pumping  stations  un- 
l(K*al«.'(l  on  ilu'  situth  side  of  tlu'  railroad  and  an-  ii;iiin'l.  from  ra>.t  to  \\i'*>t.  ^Ins^Mp(>lplu.  Waiitaifh. 
MatowH,  MtTrlck,  and  AK'i\\»iiH. 

August  ll»,  (luring  wliich  tinic*  th(»  vacimm  frll  to  7  in<-h(\s.      Tliis  was 
the  only  interru])ti()n  (hiring  tho  \('>\. 

The  velocity  detennine(l  at  shition  .^  (hiiiiig  \\w  test  was  S  foot  :i  day 
in  a  direction  S.  2:^  K.  The  normal  \elocitv  at  this  station  is  5.4  feet 
a  day,  S.  S  W.,  so  that  tli(^  inlluencc  of  ihr  |)iiinping  was  to  Micreasc 
the  velocity  hy  2.«>  fe(»t  a  day,  or  an  increase  of  about  r)(^  ])er  cent  (tig. 
44).  The  actual  V(»locity  found  and  the  ]><M'('entag(M)f  incn^ase  aiv  l)<)tli 
very  moderate*,  and  indicate  that  th(*  pumping  stjilion  is  not  making 
an  unreasonahle  draft  upon  the  ground-water  ,sup])ly  at  this  point. 
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The  30  wells  of  the  Agawam  supply  station  have  screens  each  10  feet 
long,  or,  altogether  about  730  square  feet  of  screen.  The  maximum 
velocity  of  the  ground  water  as  it  enters  these  screens  must  be  1,230 
feet  a  day,  since  the  actual  pumpage  was  2,250,000  gallons  or  300,000 
cubic  feet  per  twenty-four  hours.  The  mean  velocity  in  the  area  (10 
by  1,500  feet  cross  section)  immediately  drawn  upon  by  the  wells  was 
about  30  feet  a  day.  The  reduction  of  this  rate  to  2.7  feet  a  day  rep- 
resents a  ratio  of  reduction  of  11,  which  could  be  taken  care  of  by  a 
depth  of  110  feet  in  the  water-bearing  gravels,  without  going  outside 
of  the  1,500  foot  east  and  west  line  of  the  driven  wells. 

To  put  this  in  another  way:  the  daily  pumpage  of  300,000  cubic  feet 
of  water  could  be  supplied  by  the  normal  rate  of  motion  of  the  ground 


MAST  MEADOW       POND 
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Fi<i.  r>K.— Map  showing  Itxratioii  of  stations  5  and  6  with  referi»n<'e  to  Aj^awaui  pumping  station  and 
Piast  Meadow  Brook  Pond.  The  surface  stream  was  gaged  at  the  bridge  marked  A.  The  normal 
direction  of  ground-water  motion  at  station  5  was  8.  ^  W.  During  a  heavy  rain,  and  also  when  the 
ptiinpK  were  drawing  water  from  the  lines  of  driven  wells,  the  direction  of  flow  changed  to  6. 22°  E., 
as  shown  l>y  the  arrows  drawn  from  station  5. 

water  at  this  point  (^.4  feet  a  day)  through  a  cross  section  of  510,000 
s<iuare  feet,  or,  say,  100  feet  deep  ))y  1  mile  wide.  To  supply  this 
amount  of  water,  if  removed  from  the  ground  on  each  of  the  three 
hundred  and  sixty- five  days  in  a  year  would  utilize  1  foot  of  rain- 
fall on  12  scjuaro  miles  of  catx'hment  area.  These  amounts  are  not 
excessive.  The  rate  of  removal  of  ground  water  at  the  Agawam 
station  must  therefore  be  regarded  as  exceedingly  moderate. 

The  ()])servations  at  Wantagh  pumping  station  were  made  on  August 
21  and  22.  The  j)uniping  at  this  station  ])egan  at  7  a.  m.,  August  21, 
and  continued  forty-eight  hours  at  thc^  uniform  rate  of  4,366,000 
gallons  per  twenty-four  hours.     The  water  at  this  station  is  drawn 
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from  48  driven  wells,  arraii^d  on  three  lines  of  suction  niaiu2«  as  shown 
in  fig.  59.  The  eiist  and  west  expanse  of  the  two  chief  line«  of  welkk 
alx>ut  1,500  feet.  The  wells  of  this  station  are  of  two  different  types, 
shallow  wells  of  depth  of  about  24  feet  and  deeper  wells,  extending 
l>elow  an  impervious  Iwd  to  depths  of  from  60  to  112  feet.  These  lat- 
ter wells  have  an  artesian  head  of  3  or  4  feet,  and  when  the  pumpinv 
plant  is  idle  the  water  from  the  deep  wells  flows  into  the  suction  main 
and  into  the  shallow  wells,  whence  the  water  escapes  into  the  sands  and 
gravels  of  the  upper  zone  of  flow.  An  attempt  was  made  on  June  24 
to  measure  the  rate  of  motion  of  the  ground  water  at  station  2,  situ- 
ated 17  feet  west  of  tln»  chief  discharge  pipe  and  800  feet  north  of  the 
intcrse<'tion  of  the  main  suction  [)ipes  from  the  driven  wells,  as  shown 
in  tig.  59.     The  attempted  UK^asurement  was  a  failure,  it  not  being 


Km.  59.— Map  sliowiiiK  l(K'atioii  of  stiitiotis-j.  IH.  1«;.  atnl  17  nnir  \V:iiitaKl>  p'lniplnjr  sl«iii>ri  ami  Whu- 
tasrh  INni'l.  T\u'  arn»\v.s  in«lirat<'  thr  <lin-ct(oii  ni  IIdw  of  urouinl  N\att»r,  Tin*  How  at  .xtatiou  '- 
wasobwrvtHl  whih'  pumits  wvtk'  drawini;  wat^r  from  \hv  thn>«.'  liiu*>  of  <lriven  wnlls. 


known  at  that  time  thiit  i\n\  discluirjrc  from  the  lumiorous  artesian  wells 
was  entering  the  surface  layers  of  ^ri'ivcls  and  hence  interfering  with 
the  normal  flow  in  those  gravels.  The  groimd  water  at  station  2  was. 
on  account  of  this  situatioiueithereiitireiysttitioiuirv  or  moving  slightly 
toward  the  north.  On  August  2\  well  A  of  station  2  was  chargt^d  at 
<)  p.  m.,  or  after  eleven  hours  of  continuous  pumping  from  the  driven 
wells.  The  velocity  of  the  ground  waters  observed  was  at  th(»  mte  of 
f>  feet  a  day  in  a  direction  40  east  of  south.  As  this  station  is  distant 
only  800  feet  from  the  lines  of  driven  wells,  it  is  evident  that  the  with- 
drawal of  4,:UW),000  gallons,  or  ."iSi^jJOO  euhic  feet,  per  twenty-four 
hours  has  not  an  excessive  influence  on  thi^  normal  rate  of  motion  of 
the  ground  waters.     The  results  at  Wantagh  compare  very  well  with 
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he  results  at  Agawam,  and  indicate  that  the  driven-well  plants  have 
^'lot  exhausted  the  possibilities  of  ground- water  developments. 

CONCLUSION. 

The  very  evident  conclusion  from  observations  on  Long  Island  is 
^^  that  large  amounts  of  groundwater  can  still  be  obtained  along  the 
'south  shore  of  the  island,  especially  if  deep  wells  of  large  diameter 
'  can  be  successfully  bored.     The  writer  has  already  called  attention  to 
'  the  possibility  of  constructing  12-inch  wells    of    the  California  or 
^*  "stovepipe"  type  in  the  unconsolidated  material  which  extends  from 
*'  the  surface  to  considerable  depths  on  Long  Island.     Such  wells,  sev- 
eral hundred  feet  in  depth,  with  perforations  opposite  the  l)e8t  water- 
'    bearing  material,  would  utilize  a  large  part  of  the  underflow  which 
^    now  escapes  to  the  sea.     The  practicability  and  success  of  such  wells 
in  this  locality  seems  very  probable,  but  the  only  way  to  arrive  at  an 
entirelv  satisfactorv  conclusion  is  to  actuallv  construct  a  test  well. 


CHAPTER  VII. 

THK  8PECIFIC  CAPACITi'  OF  WEIiliS. 

GENERAL   PRINCIPLES. 

The  amount  of  water  discharged  or  obtained  from  a  tubular  well  is 
a  quantity  which  is  as  rigidly  dependent  upon  certain  definite  and 
measurable  factors  as  the  total  horsepower  of  a  steam  engine  is  depend- 
ent upon  the  elements  in  its  design  and  the  pressure  of  steam  furnished 
to  the  engine.  Very  few  persons  realize,  however,  the  closeness  and 
intimacj'^  of  the  dependence  of  the  yield  of  a  w^ell  upon  the  various 
causes  represented  by  the  diameter  of  the  water-bearing  material  in 
which  it  is  constructed  and  the  size  and  shape  of  the  well  itself.  In 
fact,  the  available  published  data  containing  the  results  of  actual  tests 
of  the  capacity  of  wells  are  usually  incomplete  in  some  important  par- 
ticular, so  that  no  laws  or  general  principles  are  discernible  even  where 
they  exist.  With  every  well,  no  matter  what  its  size  or  method  of 
construction,  there  can  be  associated  a  pei-fectly  detinite  quantity  which 
expresses  the  capacity  of  that  well  to  furnish  water.  In  order  to  add 
definiteness  to  well  construction  and  well  data,  such  a  quantity  should 
be  applied  to  every  well  whose  capacity  is  measured.  It  can  conven- 
iently be  designated  by  the  term  "'specific  capacity.''  By  '^specific 
capacity"  of  a  well  is  meant  the  anioiint  of  water  furnished  under  a 
standard  unit  head,  or  the  amount  of  water  furnished  under  unit  lower- 
ing of  the  surface  of  the  water  in  the  well  by  pumping.  This  number 
can  be  made  detinite  by  agreeing  upon  the  unit  of  measure  of  quantity 
of  water  and  on  the  unit  in  which  the  head  is  to  be  measured.  If  the 
unit  of  yield  be  the  ''second-foot,"  or  cubic  foot  of  water  per  second 
of  time,  and  if  the  hydraulic  head  b(^  mc^asured  in  feet  of  water,  then 
the  specific  capacity  of  any  well  is  found  l)v  dividing  the  number  of 
second-feet  by  the  hydraulic  head.  For  exan)ple,  if  an  artesian  well 
flows  2  second-f(»et,  and  if  the  stJitic  h(nid  in  the  well  when  the  water 
is  not  permitted  to  flow^  is  equivalent  to  a  head  of  :^0  feet  of  water, 
then  the  specific  capacity  of  the  well  is  2  divided  by  20,  or  0.1  second- 
foot.  We  describe  the  specific  capacity  l)v  saying  that  the  specific 
capacity  of  the  w^ell  is  0.1  second-foot.  Likewise,  if  we  desire  to  speak 
of  the  specific  capacity  of  a  connnon  tubular  well  which  is  not  artesian 
in  character,  we  can  proceed  in  a  similar  way.  For  example,  if  the 
well  yields  2  second-feet  when  the  water  in  the  well  is  lowered  20 
S6 
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feot  below  its  normal  position,  the  specific  capacity  is  found  by  divid- 
ing 2  second-feet  by  20,  giving  a  specific  capacity  of  0.1  second-foot. 

For  the  purpose  of  expressing  the  capacity  of  wells,  the  second-foot 
will  be  found  to  be  a  large  unit  of  capacity,  so  that  it  will  often  be 
convenient  to  express  the  yield  in  gallons  per  minute,  rather  than  in 
second -feet.  One  second-foot  is  equivalent  to  about  450  gallons  per 
minute,  so  that  the  specific  capacity  of  the  wells  above  given  might 
\h'  stated  as  "45  gallons  per  minute."  Another  convenient  unit  of 
measure  for  the  capacity  of  the  well  is  the  miner's  inch,  the  California 
miner's  inch  })eing  one-fiftieth  of  a  second-foot,' and  hence  of  a  very 
convenient  size  for  the  measurement  of  well  ca^mcity.  However,  the 
different  vahies  of  the  miner's  inch  prevalent  in  various  sections  of 
the  country  mak(»  this  unit  of  measure  undesirable  for  general  use. 

The  imiK)rtance  of  accurate  knowledge  of  the  specific  capacity  of 
the  wells  of  a  locality  can  not  be  overestimated.  To  the  owner  of  a 
well  it  is  very  importimt  that  he  know  whether  or  not  his  well  is 
better  or  poorcM-  than  neighlK>ring  wells,  and  whether  the  difference 
is  due  to  a  diversity  in  pumping  machinery  or  to  a  difference  in  the 
well  itself.  To  one  who  contemj)lates  the  construction  of  a  well  it  Ls 
of  the  first  importance  that  he  know  how  much  water  he  may  expect 
to  obtain,  and  in  what  manner  it  am  best  })e  obtained.  In  spite  of 
striking  examples  of  irregularity,  it  is  usually  true  that  the  same 
water-bearing  material  is  very  uniform  in  a  given  locality,  and  by 
properly  designing  a  well  one  should  be  able  to  estimate  in  advance 
of  construction  the  capacity  of  a  well  with  a  very  small  per  cent  of 
error.  Ilowuner,  tests  on  existing  wells  and  all  data  concerning  them 
will  have  to  be  obtained  and  recorded  with  much  greater  accuracy  and 
completen(»ss  than  heretofore  if  this  desirable  result  is  to  be  realized. 

It  does  not  count  against  the  alx)ve  statements  concerning  the  ability 
to  determine  in  advance  the  probable  yield  of  a  well,  to  find  that 
neighl)oriiig  wells,  similarly  constructed,  yield  very  different  amounts 
of  water,  or  that  water  can  not  be  obtained  a  short  distance  from  a 
good  well.  Such  a  discovery  always  cjiuses  considerable  comment, 
while  the  numerous  cases  in  which  grotmd  water  is  found  at  very 
uniform  depths  and  in  nearly  identical  material  call  forth  no  comment 
whatever. 

The  amount  of  water  yielded  l)y  a  common  open  well  or  by  a  non- 
flowing  tubular  well  is  dependent  first  of  all  upon  the  degree  of  fineness 
of  the  material  in  the  various  strata  fnmi  which  the  water  is  obtained. 
The  size  of  the  soil  grains  not  only  controls  the  nite  at  which  water 
can  be  transmitted  to  the  well  under  a  given  head,  but  it  also  determines 
the  proportion  of  contained  water  which  the  soil  will  freel}'  part  with. 
The  fine-grained  soils  retain  a  considerable  proportion  of  the  water  of 
saturation  as  capillary  water  even  aft(»r  free  means  of  drainage  are 
estjiblished,  so  that  (iiu^-grained  material  will  not  only  deliver  water 
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slowly,  ])ut  will  furnish  only  a  small  total  amount.  Some  quicksand 
is  so  Kne  that  the  water  can  he  pulled  away  from  the  fine  grains  with 
the  greatest  difficulty,  while  silt  with  a  diamett^r  of  gmin  of  about  one 
one-thousandth  of  an  inch  (not  at  all  an  unusual  size)  will  part  with  lU 
water  very  slowly  (»ven  when  it  is  placed  on  a  piece  of  blotting  paper. 

The  above  factor  in  tlu*  spiM'itic  capacity  of  the  well  can  be  expressed 
by  means  of  the  tninsmission  constant,  i\  of  the  material  furnishing 
the  water.  Other  things  })eing  Cipial,  the  yield  of  the  well  will  vary 
directly  with  the  transmission  constant. 

Another  cause  (^H'ecting  the  yield  of  the  well  is  the  thickness  of , the 
water-bearing  stmtum.  If  the  transmission  constant's  of  all  water- 
bearing strata  are  the  same*,  the  amount  of  water  available  is  directly 
deixindent  upon  the  thickness  of  strata  pen(»trated,  provided,  of  cH>urse, 
that  only  such  material  is  counted  as  is  in  contact  with  a  suitable 
w^ell  screen  or  strainer. 

An  i?nportunt  factor  in  determining  the  yield  of  a  well  is  the  diam- 
eter of  the  well.  By  the  diamc^ter  is  meant  the  diameter  of  the  well 
where  it  {XMK^trates  the  water-))earing  stratum.  The  diameter  of  the 
well  is  a  factor  which  determines  th(»  rate  at  which  the  w^ater  must 
move  in  the  water-])earing  material  as  it  enters  the  well.  A  well 
having  a  large  casing  will  j)ermit  a  given  amount  of  water  to  enter 
under  a  low  velocity,  and  h(»nce  w  ith  little  friction  in  the  pores  of  the 
water-bearing  medium.  The  depend(»nce  of  the  yield  upon  the  diam- 
eter of  the  w(»ll  is  not  expressil)l(*  in  a  very  simj)le  way.  In  fine  mate- 
rial, the  dependence  of  the  yic^ld  upon  the  diameter  of  the  well  is  very 
much  less  than  is  c()mnu)nly  su])p()sc(l.  Only  in  material  that  is  very 
coarse  is  it  usual  that  any  great  advantage*  is  obtained  by  using  casing 
as  large  as  !<>  to  24  inclnvs  in  diameter. 

The  friction  of  the  water  as  it  tlows  upward  in  the  casing  of  a  well, 
a  factor  which  is  often  very  laige  in  the  ease  of  an  artesian  well,  is 
usually  small  or  negligible  in  eonnuon  tubular  wells  from  which  the 
water  is  pumped  with  a  suction  |)i])e  nmcli  snialhM*  than  the  diameter 
of  the  well  itself.  This  statement  must  not  be  understood  to  imply 
that  the  amount  of  wat<M'  disebarged  by  th(*  ])ump  is  not  influenced  hy 
the  size  of  the  suction  and  discharge  |)i])(»s.  What  is  meant  is  that, 
with  a  given  iowcM-ing  of  tlu^  water  in  the  well  tho  yield  of  water  will 
not  l)e  dep(Mident  ujk)!i  tlu*  friction  in  the  casing  to  the  upward-moving 
water,  while*  of  course*  the*  amount  of  power  appli<*d  to  the  pump 
will  be  gn^atly  inlhu^nced  by  the  size  of  the  suction  and  discharge  pipe 
and  u|)on  the  manner  in  whicli  these  pipes  an*  installed. 

Finally,  tlu*  spcH'itic  capacity,  if  the  well  ])e  not  too  shallow,  varies 
directly  as  the  distance*  the*  surface'  e)f  tlie^  wate*i"  in  the  well  is  lowered 
by  ]mmping.  Thus,  if  tlie*  wate*r  in  a  well  is  lowered  2  feet  below  the 
natural  l(*ve'l  by  ])umping  from  il  at  the*  rate  e)f  "JO  galh)ns  a  minute, 
the  same  we'll   may  be'  e'xpe'ete*(l   te>  yielei   !i])])re)ximately  4<)  gallons  a 
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minute  if  the  water  is  lowered  4  feet  below  the  natuml  level.  For 
shallow  wells  the  yield  will  not  increase  in  this  direct  ratio,  hut*  will 
be  eonsidembly  less  on  account  of  the  decrease  in  j^ercolating  surfac^i 
due  to  the  lowering  of  the  water  plane  in  the  neighborhood  of  the  well. 
Ifesides  the  advantages  just  mentioned,  tubular  wells,  owing  to  their 
gre^iter  depth,  an*  much  more  likely  to  strike  a  vein  of  coarse  mate- 
rial, a  small  stratum  of  which  may  be  expected  to  furnish  much  more 
water  than  a  considerable  depth  of  fine  material.  This  accounts  for 
the  well-known  superiority  of  deep  tubular  wells  over  common  dug 
wells. 

If  a  well  be  cased  through  the  water-bearing  medium,  the  character 
of  the  screen  or  perforations  in  thi^  casing  w-ill  of  course  influence 
the  yield  of  the  wvU.  If  a  screen  is  clogged,  or  if  the  perforations 
are  not  ample,  the  capacity  of  the  well  will  be  cut  down  because  of 
this  imperfect  casing. 

All  of  the  factors  named  above  influence  the  yield  of  a  flowing  arte- 
sian well,  except  that  in  place  of  the  distance  the  water  is  lowered  by 
pumping  we  must  substitute  the  stati<^  head  at  the  |X)int  of  discharge 
of  the  flowing  water.  By  the  static  head  is  meant  the  pressure  when 
the  well  is  closed  at  the  point  at  which  the  flow  is  measured.  This 
static  head  is  conveniently  expressed  in  terms  of  feet  of  water.  For 
example,  instead  of  giving  the  static  head  in  pounds  per  square  inch 
we  can  state  it  in  feet  of  water.  The  flow  of  water  from  the  porous 
medium  into  the  well  will  vary  directly  as  the  static  head,  but  the  total 
3'ield  of  the  w(»ll  will  not  vary  in  this  simple  way  on  account  of  the 
frictional  resistance^  whicii  the  water  suflfers  in  flowing  through  the 
casing  and  drill  hoh*  of  the  well.  This  last  component  of  the  specific 
capacity  whiU*  usually  small  in  a  well  that  is  pumped  is  often  of  the 
very  tirst  importance  in  the  case  of  a  flowing  well.  To  the  friction  in 
the  casing  and  discharge  pipe  should  l)e  added  the  influence  of  all  turns 
and  ])ends  and  reductions  in  size  and  the  like.  This  factor  is  oft^n  a 
very  large  one  in  the  determination  of  the  amount  of  water  yielded  b}^ 
an  artesian  well.  The  resistance  due  to  friction  increjises  ver}^  greatly 
with  a  decrease  in  the  size  of  i)ipe  and  also  with  an  increase  in  the 
length  of  the  pipe,  and  is  materially  influenced  by  the  curvets  and 
variations  in  size  of  the  pipi^.  and  by  the  rivets  and  joints  in  the  well 
casing  or  discharge*  i)ipes.  The  friction  in  pipes  does  not  vary  directly 
with  th(^  hydraulic  head,  but  approximately  as  the  square  root  of  the 
head  at  which  the  flow  takes  place. 

As  stat(*d  before,  comph^te  data  concerning  tubular  wells  are  very 
difficult  to  obtain.  Complete  data  concerning  an  artesian  wi»ll  should 
consist  of  the  following:  First,  exact  dimensions  of  all  casing  and  sizes 
of  the  bore  hole,  including,  of  course,  total  depth;  second,  the  static 
head  of  the  well  measured  at  a  point  a  known  distance  above  the  sur- 
face of  the  ground;  third,  an  accumte  measurement  of  the  amount  of 
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The  mte  of  rise  of  the  water  surface  in  the  well  after  it  has  been 
depressed  b}^  pumping  should  furnish  a  very  smooth  and  regular  curve 
when  plotted  on  cross-section  paper.  The  law  of  this  curve  is  such 
that  if  at  the  end  of  a  certain  period  of  time  (say  fifteen  minutes)  the 
depression  of  the  water  surface  in  the  well  is  half  of  the  original 
amount  of  depression  just  before  pumping  ceased,  then  at  the  end  of 
twice  that  period  of  time  (thirty  minutes)  the  depression  will  be  one- 
fourth  of  the  original  amount;  at  the  end  of  thrice  that  period  of  time 
(forty-five  minutCws)  it  will  be  one-eighth  of  the  original  amount,  etc. 
Four  curves  of  rise  of  water  in  wells  are  given  in  fig.  61.  Curves  3 
and  4  are  from  the  same  well,  bi^t  during  the  rise  shown  l)y  4  a  neigh- 
boring well  20  feet  distant  was  Ijeing  pumped. 

The  theoretical  law  of  rise  of  water  in  a  well  can  also  be  expressed 
by  a  formula,  as  follows: 

,       17. 25  A,       h 

t  =  ~  —  -      logjj 

In  this  formula  A  is  the  area  in  square  feet  of  the  cross  section  of 
the  well  casing,  counting  out  the  area  of  the  pump  rod,  suction  pipe,  or 
other  obstruction.  H  is  the  amount  in  feet  that  the  surface  of  the 
water  in  the  well  was  depressed  Ix^low  its  natuml  level  just  before 
pumping  stopped;  c  is  the  specific  capacity  of  the  well  expressed  in 
gallons  per  minute;  h  is  the  amount  in  feet  of  depression  of  the 
water  surface  l>elow  the  natuml  level  at  any  time  t  (in  minutes)  after 
pumping  ceased.  By  taking  two  corresponding  values  of  h  and  t  from 
the  curve  of  rise  of  water  surface,  the  specific  capacity  of  the  well  (c) 
can  easily  be  computed  from  the  formula 

('  =  17.25  -    log  ■*  gallonp  jKjr  luinuto. 

Examples  of  use  of  this  formula  will  l>e  given  below  (p.  93).  The 
logarithm  indicated  by  "'log'-  is  the  conmion  or  Briggs  logarithm. 

The  following  reports  of  tests  on  small  wells  used  for  irrigation 
illustrate  the  importance  of  accunite  tests  of  this  kind  and  indiciite  the 
sort  of  information  that  it  is  desirable  to  secure.  The  first  test  shows 
a  well-constructed  plant  giving  fair  service.  The  second  plant  shows 
a  well-constructed  plant,  but  indicates  not  only  an  ineflicient  style  of 
pump,  but  showed  an  exixMisive  waste  of  gasoline  through  a  hidden 
leak  in  the  feed  \n\H}, 

TKSTS. 
TEST  I.      ON    WELL    AND  IJASOLINK    PIMIMNCJ    PLANT   OF    I).    H.   UMJAN,  GARDEN,   KAN8. 

This  plant  is  located  on  the  northeast  corner  of  sec.  13,  T.  24  S., 
R.  33  W.,  and  is  in  the  northwest  corner  of  the  city  of  Garden.  The 
outfit  consists  of  a  ()-horsei>ower  Fairbanks,  Morse  &  Co.,  horizontal 
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There  is  a  windmill  20  feet  north  of  the  well  pumped  by  the  engine, 
a  12-foot  aermotor  connected  to  a  10-inch  pump  of  12-inch  sti'oke. 
After  the  weir  measurements  were  completed  the  windmill  was  thrown 
into  gear.  There  was  a  brisk  wind  from  the  south  and  the  pump 
threw  a  good  (juantity  of  water,  but  no  appreciable  lowering  of  the 
water  was  detected  in  the  well  being  tested  20  feet  away.  The  rise  of 
the  water  in  the  well  was  obtained  twice. 

Below  are  the  two  sets  of  observations: 


First  trial: 

wlmliiiill  not  running. 

Second  trial;  windmill  runninf^. 

Minutrs. 

•'«•<•"■■"'•'  XsX^. 
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The  curves  showing  the  rate  of  rise  of  water  in  the  Logan  well  after 
pumping  ccjised  are  given  by  curv(»s  3  and  4  in  tig.  (U.  The  curve  4 
is  the  one  which  was  ])r()duccd  when  the  windmill  was  pumping  from 
a  well  '20  feet  from  tlu*  one  for  which  the  curve  is  drawn.  The  com- 
parison of  this  curve  with  curve  3,  which  was  produced  when  the 
neighboring  well  was  not  used,  is  very  interesting,  showing  as  it  does 
a  less  rapid  rise  when  the  neighboring  well  was  in  use.  To  find  the 
specitic  capacity  for  the  Logan  well  from  these  curves  we  must  substi- 
tute the  values  of  tlie  various  constants  in  the  fornmla 


r=17.25  "    Ui^r,       pil Ions  i>er  minute. 


The  value  of  A,  the  area  of  cross  section  of  the  well  casing,  is  2.17 
square  fe(»t,  and  of  II,  the  amount  the  water  is  lowered  ])y  the  pump, 
<>.S5  feet.     The  amount  of  depression  A  of  the  water  level  below  the 
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natunil  level  at  any  time  can  then  >)c  selected  from  the  curve  and  the 
specific  capacity  readily  computed.  If  t  be  taken  to  l>e  forty  seconds, 
or  two-thirds  minute,  //  will  be  found  from  the  curve  to  equal  6.85- 
5.5=1.35  feet,  hence 

r=17.25  X  9  X  2. 17  X  lojr  f  j-05  )  jrallons  per  ininate. 
=39.5  galloiiH  jXT  miniiU*. 

The  yield  of  the  well  for  the  maximum  depression,  6.85  feet,  must 
then  be 

(5.85  X  39.5  =  270  jrallons  jwr  minute. 

The  curve  of  rise  of  wat(»r  forms  one  of  the  l)est  methods  of  deter- 
mining the  yield  of  a  well.     Such  curves  can  readily  be  obtained. 


TIME  IN  SECONDS  FOA  LOGAN  WELL 


TIME  IN  SECONDS   rOU  NICHTER  WELL 

Fm.  61.  Curvos  slmwiiiK  tin-  rate  of  riM'  of  water  in  the  Kicliter  aiul  l/Ojian  welly  near  (iarden,  Kans. 
('urve  1  («lott('<l),  tirvi  trial  of  Kichtrr  well;  rtirvc  _•  <  si»li<l  i.  scrond  trial  of  Kichter  well;  cun'c  8 
(solid),  first  trial  <»f  Lo^aii  well:  curvo  1  (ilotlr<l',  -..  (•ml  trial  of  L(»Kan  well. 

Well  data  should  alvviivs  include  nicasurcmcnts  of  the  amount  of 
loworinjr  of  the  vviitor  .surface  !)y  tlu^  pumps,  and  it  is  only  necessary 
to  continue  tli(»se  meHsunMn(Mits  after  the  pumps  have  stoppe<l  to 
secure  sutHcient  data  to  estimate  th(»  sp(H*itie  capacity  and  total  yield 
of  the  \\{A\,  This  avoids  the  n(Hessity  of  c()iistnictin<^  a  weir  or  other 
method  of  measurintj:  th(»  water  discliaro;cd.  The  accuracy  is  sufficient 
for  the  purpose  for  which  such  data  are  used. 
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TEST   ir.      ON*  WELL   AND  GAlfOLIXP:   PUMPING   PLANT  OWNED  BY   MINNIE  RICHTER,  FINNEY 

COUNTY,    KANS. 

This  plant  is  located  in  the  northwest  corner  of  the  SW.  i  sec.  14, 
T.  24  8.,  R.  38  W.  The  upper  part  of  this  well  is  cased  with  part  of 
an  old  standpipe  from  the  city  of  Garden.  The  casing  is  10  feet  in 
diameter  and  extends  down  20  feet.  In  the  bottom  of  this  part  of  the 
well  are  placed  four  8-inch  galvanizod-iron  feeders,  arranged  sym- 
metrically about  the  center.  Each  feeder  is  25  feet  long,  perforated 
its  entire  length,  and  extends  a))out  2^  feet  above  the  bottom  of  the 
large  part  of  the  wtU. 

The  pump  used  operates  on  the  principle  of  a  screw  propeller  of  a 
steamship.  It  ])()res  the  water  out  and  up  a  stjuare  wooden  penstock 
or  pump  shaft.  There  are  two  of  these  propellers,  mounted  one  above 
the  other  on  a  vertical  iron  shaft  inside  the  ]>enstock.  The  top  of  the 
iron  shaft  carries  the  belt  pulley  and  has  a  shoulder  bearing  which 
takes  the  thrust  of  the  pump.  This  pump  (called  the  Menge)  is  made 
in  New  Orleans.  The  pump  is  run  by  a  lO-horsepower  Otto  gjisoline 
engine,  which  runs  at  a  spewed  of  300  revolutions  per  minute.  The 
circumference  of  the  drive  pulley  is  5.25  feet  and  of  the  driven  pulle3'^ 
2.65  feet,  making  the  pump  run  at  5^6  revolutions  per  minute.  The 
screws  are  under  water  when  the  pump  is  not  in  operation.  A  small 
pond  was  constructed  at  the  end  of  the  discharge  trough,  and  a  fully 
contr.icted  riH'tangular  weir  of  length  of  crest  of  1.2  feet  was  used  to 
measure  the*  discharge*.  The  nu^jisun^ments  for  4iead  were  taken  6  feet 
away  from  the  w(»ir,  and  boards  were  interposed  between  the  dis- 
charge trough  and  weir  to  cut  down  the  velocity  which  might  tend  to 
give  erroneous  r(\sults.  The  av(»rage  corrected  head  on  the  weir  was 
0.371  feet.     I'sing  the  W(Mr  formula 

and,  takin<:  r  from  Merriman'H  tables  as  O.iMKi, 

ry  =  ().S7(>  St'COInl-flH't, 

='ASi4  ^allo?is  per  iniiiiite, 


or  iisin^r  FraiK  is  formula 


3:i.S;j  (/,     0.2  H)  Hi 
=  'M4  villous  jK^r  mimitt'. 


Using  a  small  Price  acoustic  water  meter  in  the  discharge  trough, 
by  measuring  the  velocity  at  ditrcrent  places,  and  also  by  integrating, 
the  discharge  was  found  to  be  0.7*)  second-feet  — 342  gallons  per  min- 
ute. By  putting  chips  in  the  dischaige  trough  and  catching  the  time 
with  a  stop  watch,  t\w  surface*  velocity  was  found  to  be  1.5()5  feet  per 
second.  This  nuiltiplied  by  0.8  gives  an  average  velocity  of  1.25  feet 
per  second  and  a  discharge  of  0.884  second-feet  -  3J>7  gallons  per  minute. 

An  attempt  was  made  to  determine  the  amount  of  gasoline  used. 
Th(*  res(M-voir  was  tilled  full  and  the  engine  run  for  one  hour  and  thirty- 
six  minutes,  or  l.<)  hours.     All  the  gasoline  we  had,  9i  quarts,  did  not 
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then  fill  tho  tank.  This  was  at  noon,  July  <>.  On  the  nioruingof  July 
7,  J»i  quarts  wori>  ro(|uiiv(l  to  eoniplot<»ly  fill  the  re?^rvoir,  a  total  of 
ISJ  (juart.s  or  87i  pints  for  the  run  of  !.(>  hours  for  a  10-horsepower 
engine.  The  makers  claim  that  their  engines  use  1  pint  per  horse- 
power hour.  This  would  re<|uire  in  this  ease  10  pints,  or  less  than  half 
of  what  was  actually  measured,  if  th(»  engine  developed  its  full  horsc- 
|X)wer.  A  leak  in  the  tunk  or  feed  pipe  is  clearly  indicated.  This 
fact,  while  Iwing  of  value  to  the  owner  of  the  plant,  shows  the  record 
to  l)e  worthless  as  far  as  comparative  cost  of  pumping  is  concerned. 

Two  o)>s(»rvations  of  the  rising  curve  were  obtained  which  agree 
very  well.  Th(»  lower  part  of  the  curve  is  not  acMuirate  because  the 
water  in  the  penstock  drops  })ack  into  the  well  when  pumping  ceases. 

Fwt. 

Tho  elevation  of  the  ^nmiKl  at  well  is 2, 84«>. 0 

Average  elevation  of  water  in  well 2,  H,%.  H 

Averape  elevation  of  water  in  well  when  j>unipinjr 2,  S:{1. 5 

Elevatif >n  of  <liwharjre  from  |HMistfK!k 2, 847.  <» 

Lift 15.0 

Average  anionnt  water  is  lowered 5. 3 

Nninl)er  of  ex-plosions  of  engine,  12H.5  jhm*  niinuti'. 

The  curves  of  ri.se  for  this  well  were  obtained  on  two  different  occa- 
sions, and  are  shown  as  curvets  1  and  2  in  tig.  tJl.  They  agree  very 
well.  To  find  the  specific  capacity  of  the  well  from  the  curve,  we 
note  the  following  values  of  the*  constants  in  the  formula  for  .six^citic 
capacity: 

r      17.1*')    .   lo^   .    i;m1I<>iis  juT  minute. 

The  area.  A,  of  cross  siM-tioii  of  the  well  casing  is  7<).7t>  square  feer. 
The  amount,  II,  that  the  wat(»r  is  lowcitMl  hy  the  pump  is  .').:^»  feel. 
The  amount  of  (lepnvssion.  //.  of  the  \vat(M-  surface  below  the  natural 
lev(*l  at  any  time  can  be  s(»lecte(l  from  the  curxe.  From  the  curve.  ;it 
the  close  of  ten  minutes,  //  eiiuajs  :>.:]  4  l.^»  ft)ot.  Jlence  the sj)eciH(' 
capacity, 

7().7i»       .').;; 

r..-17.L'-'>   ■       J, J     l"ir  I  ..       si  ;zallniis  jHT  iiiinme. 

Multiplying  l)v  T).  1,  the  head  undci*  which  pum])ing  took  place,  tho 
total  yield  of  the  well  is  SI  x  .->.:>      4-JJ».:)  gallons  a  miiuite. 

The  above  determination  of  the  specific  capacity  is  inaccurjiUs  sineo 
the  first  portion  of  the  rising  cuive  (lo(*s  not  show  the  true  rate  of  rise 
of  water  in  the  w(»ll.  The  penstock  of  tlu»  propi^ller  pump  holds  :>7.7 
cubic  feet  of  water,  which  immediately  returns  to  the  well  when  the 
pump  is  stopped.  This  amount  of  wat(M-  is  NUJiicient  itself  to  niise  the 
level  in  the  well  by  ().4r>5  fool.  Koi*  this  i-easoii  only  that  portion  of 
the  rising  curve  should  ho  used  which  is  uninfluenced  by  the  return- 
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ing  water  from  the  penstock.  Thus,  if  we  use  that  part  of  the  curve 
from  /=100  seconds  to  t=600  seconds,  we  will  eliminate  the  inaccurate 
portion.  By  this  modification  the  data  are  changed  to  H=3.75  feet; 
//  =  1.80  feet;  t  =  i  minute.  Computing  the  specific  capacity  on  this 
basis  we  obtain  r=73  gallons  per  minute.  This  multiplied  by  5.3 
gives  the  total  estimated  yield  388  gallons  per  minute,  which  checks 
more  nearly  with  the  394  gallons  per  minute  previously  obtained. 

The  area  of  the  surface  of  the  strainers  and  the  bottom  of  the  well 
is  26t).o  square  feet.  The  above  specific  capacity  divided  by  266.5 
gives  .341  gallon  per  minute  as  the  specific  capacity  per  square  foot 
of  percolating  surface. 

The  engine  ran  at  a  speed  of  300  revolutions  per  minute  and  exploded 
125  times  per  ?uinute.  This  would  indicate  that  it  was  working  at 
al>out  83  per  cent  of  its  rated  capacity.  Assuming  that  such  was  the 
case,  and  that  it  would  then  use  83  per  cent  of  the  fuel  necessary  to 
run  it  at  is  full  rated  power  (10  horsepower),  we  have  8.3  pints  as  the 
probable  amount  of  gasoline  used  per  hour  by  the  engine  during  the 
test.  This,  at  20  cents  per  gallon,  would  make  a  cost  of  21  cents  per 
hour.  This  assumption  makes  the  cost  of  water  0.89  cent  per  1,000 
gallons,  $2.90  per  acre-foot,  and  one-seventeenth  cent  per  1,000  foot- 
gallons. 
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V  II  A  I*  T  K  R    VIII. 

TIIK    C'AI.IFOKNIA     OU    **STOVEIMPK»^    MKT1I01>    OF  WKLL 
C'OXSTIirCTlOX  FOR  WATKR  8UPPJLY. 

.MODK   OF   CONSTKrrTIOX. 

Tho  poiMil'uir  conditions  of  wnivv  supply  existing  in  southern  Cali- 
fornia havo  led  to  the  drvclopniont  of  a  sp(M'ial  type  of  well,  which  tht^ 
writer  Ixdievrs  to  he  adniirahly  adaptiMl  ti>  conditions  found  in  manv 
places  in  the  various  \mi'ts  of  the  Tnited  States.  It  is  hoped  that  tlir 
foHowinj^  acM'ount  will  call  the  attention  of  those  interested  in  recov- 
ering: jifround  water  in  larjr*'  quantities  to  the  many  ]K)intsof  excellemt* 
of  tlie  California  type  of  well  and  method  of  well  construction. 

The  valleys  of  southern  (  alifornia  are  tilled  with  deposits  of  moun- 
tain dehris,  i^ravels,  sands,  UowIcUms,  elays.  etc..  to  a  depth  of  several 
hundred  feet,  into  which  a  consid(»ral)le  part  of  the  run-off  of  the 
mountains  sink.  The  development  of  irrigation  upon  these  valleys 
soon  hecame  so  extensive  that  it  was  necessiiry  to  supplement  more 
and  more  ih(»  pcremiial  How  of  the  canyon  streams  by  ground  water 
drawn  fnnn  wells  in  the  irravels.  This  necessity  was  greatly  accen- 
tuated hy  a  --i'lie^  of  dry  yeais.  >o  that  ground  waters  l>ecanie  a  most 
vahial)leM)nrceorauxiliaiT  su|)ply  foi- irritjfation  in  the  important  citni> 
area>  in  M)utlierii  (  alit'oiiiia.  Tin'  t\pe  of  well  that  came  to  the  front 
and  deveh)|MMl  under  these  eii'eumstances  is  locally  known  as  tlio 
*•  stovepipe"  well.  It  >eems  to  >uil  adniiraldy  the  conditions  pn*- 
vailine;  in  southern  (alifornia.  In  dexelopinof  water  supply  for  irri- 
pition  the  item  of  cost  is  of  (-owi'^e  nuK'h  more  strongly  enipbnsi/ed 
than  in  deNcIopineiits  ft)r  numicinal  >u|)ply.  The  drillers  of  wells  in 
California  weir  confi-onted  not  only  with  a  material  which  is  almost 
everywlier<*  full  «)f  Ijowldeis  and  lik«'  kinds  of  mountain  debris,  hut 
also  with  a  hi»:h  et)^t  t)f  labor  ami  of  wril  casinir^-  It  was  undoubtedly 
thcM*  dilticultieN  that  led  to  the  \ery  ^eurial  adoption  in  California  of 
the  stovepipe  well. 

The  w(»]ls  are  put  down  in  the  «:ravel  and  howlder  mountain  out- 
wasji,  or  othei-  uin"onsoli<late(i  material,  to  any  of  the  depths  common 
in  other  localities.  One  strin^^<»f  <asin«i-.  in  a  favorable  location,  hji> 
been  ])ut  down  over  l.^^Hi  fcM't.  The  usual  sizes  of  casinji^s  are  S,  In. 
li^.  II  inches,  and  (»ven  lareer.  A  <-ominon  ^ize  is  12  inches.  The 
well  casin^r  consists  of:   Fiist.  a  I'iveted  sheet   ^teel   ••starter"   15  to 
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A.     TWELVE-INCH  STOVEPIPE  STARTER. 


B.     TWO  LENGTHS  OF  STOVEPIPE  CASING. 
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eet  long,  made  of  two  or  three  thicknesses  of  No.  10  sheet  steel, 
1  a  forged  steel,  shoe  at  the  lower  end.  PI.  XII,  A,  shows  a 
•ter  2i  feet  long,  made  of  double  No.  10  sheet  steel,  with  a  J-  by  8- 
12-incb  steel  shoe  riveted  on  the  bottom.  In  ground  where  largo 
vlders  are  encountered  the  starters  are  made  heavier,  the  shoe  is 
ich  thick  and  12  inches  long,  and  three-ply  instead  of  two-ply  No.  10 
»et  steel  lK)dy  is  used. 

Above  the  starter,  the  rest  of  the  well  casing  consists  of  two  thick- 

sses  of  No.  12  sheet  steel  made  into  riveted  lengths,  each  2  feet  long. 

le  set  of  sections  is  made  just  enough  smaller  than  the  other  so  that 

le  length  will  telescope  snugly  inside  of  the  other.     Each  outside 

ction  overlaps  the  inside  section  1  foot,  so  that  a  smooth  surface 

5sults  both  outside  and  inside  of  the  well  when  the  casing  is  in  place, 

.nd  so  that  the  break  in  the  joints  is  always  opposite  the  middle  of  a 

-foot  length.     It  is  these  short,  overlapping  sections  which  are  popu- 

irly  known  as  '"stovepiping."     A  pile  of  this  casing  ready  for  use  is 

hown  in  PI.  XIII,  ^1,  and  two  lengths  are  shown  on  a  larger  scale  in 

.^1.  XII,  B.     The  sheets  of  steel  can  be  taken  to  the  field  flat  and  the 

•iveting  done  during  the  process  of  well  construction. 

The  casing  is  sunk  ))y  large  steam  machinery  of  the  usual  oil-well 
type,  but  with  certain  very  important  modifications.  The  well  rig 
shown  in  PI.  XIII  has  a  derrick  with  mast  40  feet  high.  When  ready 
to  move,  the  mast  swings  backward  on  hinges  with  the  top  resting  on 
upright  at  the  rear  end  of  the  rig,  as  shown  in  fig.  63.  Jackscrews 
are  placed  under  the  sills  and  the  whole  machine  is  raised  sufliciently 
to  allow  wheels  to  be  placed  on  two  axles  bolted  to  the  sills.  The 
photogmph  reproduced  in  PI.  XIII  also  shows  a  25-horsepower  .boiler 
mounted  on  separate  trucks.  The  10-inch  sand  pump  and  jai*s  are 
shown  just  as  they  have  been  pulled  out  of  a  12-inch  well. 

In  ordinary  material  the  'Ssand  pump"  or  ''sand  bucket"  is  relied 
upon  to  loosen  and  remove  the  material  from  the  inside  of  the  casing. 
The  casing  itself  is  forced  down,  length  by  length,  by  two  or  more 
hydraulic  jacks,  buried  in  the  ground  and  anchored  to  two  timbers 
14  inches  stjuare  and  16  feet  long,  planked  over  and  buried  in  9  or  10 
feet  of  soil.  Thesi^  jacks  pr(^ss  upon  the  upper  sections  of  the  stove- 
pipiiijjif  by  means  of  a  suitabh^  head.  In  PI.  XIII,  //,  the  clevises  of  the 
pistons  of  the  hydraulic  jacks  can  })e  seen  hooked  over  the  ears  of  the 
well  cap.  The  jacks,  whose  cl(»vises  appear  in  the  cuts,  have  8-inch 
piston  and  4.V-foot  stroke,  and  a  combined  pull  of  about  120  tons.  The 
driller,  who  stands  at  the  front  of  the  rig,  has  complete  control  of  the 
engine,  iiydraulic  pump,  and  valves  by  which  pistons  are  moved  up  or 
down,  and  also  of  the  lever  which  controls  two  clutches  which  cause 
tools  to  work  up  and  down  or  to  be  hoisted.  The  hydraulic  pump 
is  mounted  upon  the  main  frame  of  derrick,  as  shown  in  PI.  XIV^ 
'l'h(»  one  shown  is  a  Marsh  pump  with  a  steam  cjiinder  of 
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diainetor,  and  water  cvlinder  of  1^-inch  diameter  with  12-inch  stroke. 
It  is  ('oupled  to  the  jacks  with  extra  stronji^  J-inch  hydraulic  pipe  and 
littin^s.  SinaUer  ri^s  use  a  pump  with  ♦U-ineh  steam  !.)v  l^-inch  water 
cylinders,  10-inch  stroke,  and  coupled  to  jacks  with  i-inch  pipe.  A 
U)iler  pressure  of  1(K)  pounds  puts  nearly  a  limiting'  stress  on  the 
i-iiK'h  pijx*  and  it  sometimes  breaks. 

The  sand  pumps  used  are  unusually  large  and  hea\\v.      For  l:?-inch 

work  they  will  vary  in  length  from  12  to  1»» 
feet,  105  inches  in  diameter,  and  will  weigh, 
with  lower  half  of  jai-s,  from  1,100  to  l,Wi 
l^ounds. 

After  the  well  has  l>een  forced  to  the  re- 
quired dei)th,  a  cutting  knife  is  lowered  into 
the  well  and  vertical  slits  are  cut  in  the 
casing  where  desired.  A  i*ec*ord  of  material 
encountered  in  <ligging  the  well  is  kept,  and 
the  perforations  are  made  opposite  such 
water- bewaring  strata  as  may  l>e  most  advan- 
tiigeously  dmwn  uiK)n.  A  well  500  feet 
deep  may  possess  4^K)  feet  or  more  of  screen 
if  circumstances  justify  it. 

IM.  XIV,  A  shows  the  i)erforator  for  slit- 
ting stovepipe  casiYig.  It  is  handled  with  a 
8-inch  standard  i)ii>e  with  ^-inch  standard 
pipe  on  the  insid(».  The  perforator  is  shown 
in  cutting  position  with  knife  extended. 
In  going  down  or  in  coming  out  of  the  well 
the  weight  of  ij-inch  line  holds  point  of  knife 
up.  When  ready  to  "'stick"  the  J-inch  line 
is  raised.  By  raising  slowly  on  2-inch  line 
with  hydraulic  jacks,  cuts  an*  made  three- 
eighths  inch  to  three-fourths  inch  wide  and 
i)  to  {"2  incho  long,  according  to  the  material 
at  that  particular  depth. 
Fi...«ij.-K..ii.r  lypi- of  i.irh.niK.i.s  Fig.  Cr2  >liows  auothcr  type  of  perforat- 
for  .^littiiii;  .K.v.piiu.  w,.ii>.   Thi>  j^       knife.     The  revolving*  cutter    punches 

port<»rjitor  was  U'-cd  f«)r  ciittim,' Mi        *"  V 

tv.M  of  v.n.n  in  tiH' wtiN  shewn  tivc  holc>  at  each  n^volutiou  of  the  wheel. 

'"  ''^  ^^  This  style  of  perforator  is  called  a  "*  rolling 

knite."'  By  means  of  this  tool  JiO  feet  of  ]>erf orations  were  cut  in  the 
well  shown  in  PI.  XV. 

A  gr(»at  many  ditierent  kinds  of  perforators  are  in  use  in  California: 
in  fact,  the  pc^rforator  is  a  favorite  ho!)lu  of  local  inventors.  The 
ditierent  patterns  in  u>e  seem  to  work  woW.  Those  shown  in  the 
illustrations  are  verv  good. 
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CALIFORNIA  WELL  RIG. 
A,  Side  view;  B,  Front  view,  showing  clevises  of  hydraulic  jacks  hooked  over  ear*  of  w«||  | 
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ADVANTAGES  OF    "  STOVEPIPE "   CONSTRUCTION. 

he  advantages  of  this  method  of  well  construction  are  quite  obvious. 
•  wells  in  unconsolidated  material  the  California  type  is  undoubt- 
\'  the  best  yet  devised.  It  is  })elieved  that  wells  of  this  type  would 
highly  successful  in  the  unconsolidated  deposits  in  other  localities, 
e  absence  of  bowlders  and  very  coarse  gravels  in  some  deposits  may 

ssibly  make  it  more  advantageous  to  use  the  hj'^draulic  jet  instead  of 

3  ponderous  sand  bucket  in  soft  material,  but  this  is  the  only  modi- 

ation  that  these  conditions  seem  to  suggest.'' 

Among  the  special  advantages  in  the  stovepipe  construction  may 

•  enumerated  the  following: 

1.  The  absence  of  screw  joints  liable  to  break  and  give  out. 

2.  The  flush  outer  surface  of  the  casing  without  couplings  to  catch 
n  })owlders  or  hang  in  clay. 

3.  The  elastic  character  of  the  casing,  permitting  it  to  adjust  itself 
ri  direction  and  otherwise  to  dangerous  stresses,  to  obstacles,  etc. 

4.  The  absence  of  screen  or  perforation  in  any  part  of  the  casing 
v'hen  lirst  put  down,  permitting  the  easy  use  of  sand  pump  and  the 
)enetration  of  quicksand,  etc.,  without  loss  of  well. 

5.  The  cheapness  of  large-size  casings  because  made  of  riveted  sheet 
teel. 

t).  The  advantage  of  short  sections,  permitting  use  of  hydraulic  jacks 
n  forcing  casing  into  the  ground. 

7.  The  ability  to  perforate  the  casing  at  any  level  at  pleasure  is  a 
lecided  advantage  over  other  construction.  Deep  wells  with  much 
crecn  nmy  thus  be  heavily  drawn  upon  with  little  loss  of  suction  head. 

s.  The  character  of  the  perforations  made  by  the  cutting  knife  are 
he  best  possible  for  the  delivery  of  water  and  avoidance  of  clogging. 
The  large  side  of  the  perforation  is  inward,  so  that  the  casing  is  not 
ikely  to  clog  with  silt  and  d6bris 

\K  The  large  size  of  casing  possible  in  this  system  permits  a  well  to 
H\  put  down  in  bowlder  wash  where  a  common  well  could  not  possibly 
)e  driven. 

10.  The  uniform  pressure  exerted  by  the  hydraulic  jacks  is  a  great 
idvantage  in  safety  and  in  convenience  and  speed  over  any  system 
hat  relies  upon  the  driving  of  the  casing  by  a  weight  or  ram. 

11.  The  cost  of  construction  is  kept  at  a  minimum  b}^  the  limited 
imount  of  labor  recjuired  to  man  the  rig  as  well  as  by  the  good  rate 
)f  piogress  possible  in  what  would  be  considered  in  many  places 
inpossible  material  to  drive  in,  and  by  the  cheap  form  of  casing. 


COST   OF   CONSTRUCTION. 


An  idea  of  the  co-st  of  construction  of  these  wells  can  best  be  giv< 
)y  qu()tin<jf  actual  prices  on  some  recent  construction  in  Californi 


'I  A  12  inch  stovepipe  well  was  sunk  to  a  depth  of  "^.800  feel  on  the  Lanoria  Mesa,  7  miles  noi 
»f  El  Pii^^o,  Tex.    The  last  2  tXX)  feel  was  drilled  in  dry  clay  by  use  of  a  powerful  hyd* 
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A.     PERFORATOR  FOR  SLITTING  STOVEPIPE  CASING. 
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H.     REAR  VIEW  OF  CALIFORNIA  WELL  RIG. 
Showing  engine  and  hydraulic  pump. 
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in  the  cut  it  ha«  just  finished  a  12-inch  well  which  flows  404  miners 
inches,  or  about  5,250,000  gallons  per  twenty-four  hours.  This  well 
is  848  feet  deep  and  has  about  60  feet  of  perforations.  Mr.  Proctor 
used  four  hydraulic  jacks  in  sinking  this  well,  developing  a  pressure 
of  100  to  200  tons. 

YIELD  OF  WELLS. 

Jt  is  not  very  profitable  to  name  individual  wells  of  this  type  and 
give  their  j'ield,  since  conditions  vary  so  much  from  place  to  place. 
From  the  method  of  construction  it  must  be  evident  that  this  type  of 
well  is  designed  to  give  the  very  maximum  yield,  as  every  water- 
bearing stratum  can  be  dmwn  upon.  The  yield  from  a  number  of 
wells  in  California  of  average  depth  of  about  250  feet,  pumped  by  cen- 
trifugal pumps,  varied  from  about  25  to  150  miners  inches,  or  from 
30(),0(X)  to  2,000,000  gallons  a  day.  These  are  actual  metusured  yields 
of  water  used  for  irrigation. 

Among  the  very  best  flowing  wells  in  southern  California  are  those 
near  Long  Beach.  The  Boughton  well,  the  Bixby  wells,  and  the  wells 
of  the  Sea  Side  Water  Company  are  12-inch  wells  varying  from  500  to 
700  feet  in  depth  and  flowing  about  250  miner's  inches  each,  or  over 
3,0(K),0(M)  gallons  per  twenty-four  hours.  The  well  shown  in  PI.  XV 
is  located  about  4  miles  northeast  of  Long  lieach  and  its  flow  is  the 
greatest  yet  reported. 

Among  the  records  of  depth  are  those  of  1,3»»0  feet  for  10-inch  well 
and  915  feet  for  12-inch  well.  Mr.  Proctor  has  bored  a  14-inch  well 
more  than  704  feet  in  depth. 


CHAPTER    IX. 

TKSTK   OF  TYIMCAI.   1»UMPIXG    PI.AXT8. 

In  connection  with  the  geneml  discussion  of  movement  of  under- 
ground waters  it  has  been  tiiought  that  a  few  descriptions  of  charac- 
teristic tests  of  pumping  plants  would  he  of  interest  and  value.  With 
this  idea  in  view  a  nunil)er  of  typical  plants,  including  several  different 
classes,  have  been  selected  from  the  large  number  examined  and 
descriptions  of  the  tests  prepared. 

The  Felix  Martinez  pumping  plant  is  run  by  electric  power  and 
gives  a  good  chance  to  see  what  can  he  done  with  combination  of 
centrifugal  pump  and  electric  motor  in  the  recovery  of  water  for  irri- 
gation. The  pumping  plant  of  J.  A.  Smith  is  of  special  interest  on 
account  of  a  very  low  cost  of  power,  due  to  the  use  of  petroleum  ^ 
generated  from  crude  oil.  The  test  of  Roualt's  pumping  plant  is  of 
great  interest  on  account  of  th(»  use  of  steam  engine  with  wood  as  fuel. 
The  wood  was  obtained  at  a  very  low  price  per  cord,  yet  the  showing 
in  the  cost  per  acre-foot  will  not  compare  with  the  plants  that  use 
gasoline  engines  with  gasoline  at  17  cents  a  gallon.  The  last  pumping 
plant  reported  upon,  that  of  the  Iloraco  Ranch  Company'*s  well  No.  1, 
is  of  spcH'ial  intenv>;t  on  account  of  the  all-around  excellence  and  effi- 
ciency of  the  ])lant.  The  tabh^  that  is  inclosed  summarizes  the  results 
at  all  of  the  plants  and  gives  itcMUs  of  cost. 

TKST    OF    PrMPINd    PLANT    OF    FELIX    MAKTINE/    NEAR    EL    PASO,  TEX. 

The  i)uniping  ])lant  on  th(^  ranch  of  Mr.  Felix  Martinez,  of  which  a 
test  was  made,  is  located  near  the  main  county  road  east  of  Kl  Paso, 
about  H  miles  from  the  court-hous(\  The  plant  consists  of  a  No.  r> 
Uyron  Jackson  lioiizontal-shaft  centiifugal  pump,  run  by  a  (lenenil 
P^lectric  lo-horsc^power  direct-current  motor,  type  C  K.,  class  4.  The 
pump  is  locat(Ml  in  a  pit,  and  is  connected  to  a  0-inch  well.  The  well 
is  ()S  f(HH  deep,  measured  from  tlu^  surface  of  the  ground,  and  has  10 
feet  of  perforated  or  slotted  galvani/cnl-iron  strainer  at  the  bottom. 
The  gravels  \v(Me  n^ached  at  a  depth  of  50  feet,  and  consisted  of  fairlv 
larg(^  gravel,  containing  a  large  (piantity  of  line  sand.  The  pump  is 
connected  with  the  well  by  a  5-inch  suction  pipe  and  discharges  through 
a  vertical  and  horizontal  5-inch  discharge  pipe  into  a  rectangular 
Hume.     The  discharge  was  measured  by  integrating  with  a  Price  acous- 
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c  current  meter  in  the  rectangular  flume.  The  average  depth  of 
ater  at  the  cross  'section  of  flume  where  measurements  were  taken 
'as  0A15  foot.  The  average  width  of  flume  was  0.992  foot,  giving  an 
rea  of  i).470  foot.     The  mean  velocitv  of  the  water  at  the  selected 


s^.;;:....-;.x;^v^s?::?ui;;M!^^ 


Fiu.  64.— Condi  lions  at  pumping  plant  of  Felix  Martinez  near  EI  Paw),  Tex. 

^ross  section  was  1.7S  feet  per  second,  giving  total  discharge  of  0.888 
Mibic  foot  por  second,  or  878  gallons  a  minute. 

The  vacuum  gage  was  attached  to  the  goose  neck  of  the  cent 
3ump.     The  vacuum  shown  after  a  few  minutes  pumidfl 
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_  oarse  gravel  containing  mueli  fine  material  was  encountered.  There 
va«  only  1'2  feet  of  this  coarse  gravel.  Ten  feet  o{  slotted  galvanized- 
ron  strainer  with  hit-and-miss  slits  was  placed  at  the  bottom  of  this 
veil.     The  east  well  is  6  inches  in  diameter  and  73  feet  deep.     The 

^  rravel  at  this  point  was  found  to  be  22  feet  deep.  A  16-foot  slotted 
strainer  was  used  in  this  well.     The  west  well  is  also  a  6-inch  well  and 

"  s  61  feet  deep.  The  gravel  was  found  to  be  11  feet  deep,  and  a  10- 
foot  slotted  strainer  was  used  in  the  well.  All  of  the  sti-ainers  liave 
I'^-inch  b}"  li-inch  slots,  or  perforations.  The  horizontal  8-inch  suc- 
tion pipe,  wliich  extends  from  the  central  well  to  the  east  and  west 
wells,  is  14  feet  below  the  top  of  the  ground. 


gg/^/?j^ffgtfTg 


Fnt,  (JT).— <^oiHlitioii8  of  pumping  plnnt  of  J.  A.  Smith,  near  El  Paao,  Tex. 

The  water  is  pumped  by  a  No.  f)  Fairbanks-Morse  horizontal-shaft 
centrifugal  pump,  connected  with  rope  drive  to  a  28-horsepower  gaso- 
line engine,  with  crude  oil  gas  generator  attached.  The  fact  that  the 
engine  is  run  by  producer  gas  generated  from  Texius  crude  petroleum 
renders  this  plant  of  especial  interest.  The  fuel  cost  relative  to  the 
amount  of  water  recovered  is  the  lowest  that  the  writer  has  recorded 
for  a  small  i)lant.  The  crude  oil  gas  generator  has  ])een  in  operation 
several  months,  running  continuously  day  and  night,  except  for  a  clean- 
ing each  week  or  two.  When  the  generator  is  kept  clean  there  is  little 
troubh*  from  carbon  passing  from  the  generator  into  the  cylinder  of 
the  engine  and  cutting  out  the  cylinder  and  4>acking.  The  plant  must 
be  pronounced  a  decided  success,  as  the  further  account  to  be  given 


r     BLicMTER]  TESTS    OF   TYPICAL    PUMPING    PLANTS.  109 

and  the  cost  of  1,000  foot-gallons  was  one  one  hundred  and  seventy- 
first  of  a  cent. 

The  cost  of  the  water  at  the  same  plant,  when  pumped  with  gasoline, 
was  also  determined.  A  test  of  eleven  hours'  run  with  same  engine, 
using  gasoline  instead  of  crude  oil  gas,  consumed  40  gallons  of  gaso- 
line, or  3.<>4  gallons  per  hour.  At  14  cents  a  gallon,  the  hourly  cost 
for  g»»oline  was  $0.51,  which  makes  the  cost  of  each  1,000  gallons  of 
water  pumped  $0.0092.  The  cost  per  1,(H)0  foot-gallons  was  $0.000236, 
or  one  forty-second  of  a  cent. 

The  al>ove  estimates  do  not  represent,  of  course,  the  total  cost  of 
pumping,  as  no  items  have  been  included  to  cover  interest,  deprecia- 
tion, labor,  etc. 

The  926  gallons  a  minute  furnished  by  the  above  plant  amounts  to  a 
little  over  2  second-feet,  or  4  acre-feet  per  twenty-four  hours.  The 
cost  of  fuel  p(»r  acre-foot  of  water  was,  therefore,  73  cents  when  using 
crude  oil,  and  $2.99  an  acre-foot  when  using  gasoline  at  14  cents  a 
gallon. 

TEST   OF    1U)1  ALTS    PUMPINW    PLANT   NKAK   LAS  CKUCES,  N.   MKX. 

A  test  was  made  at  tiie  pumping  plant  of  Theodore  Koualt,  located 
on  a  ranch  about  3  miles  northwest  of  Las  Cruces,  X.  Mex.  Water 
is  obtained  from  a  10-inch  well,  48  feet  deep,  containing  10  feet  of 
9i-inch  slotted  galvanized-iron  strainer.  Water  is  recovered  by  a  No. 
3  Van  Wie  vertical-shaft  centrifugal  pump,  driven  by  a  10-horsepower 
Nagle  steam  engine,  on  IS-horsepower  horizontal  wood-burning  boiler. 
The  engine  is  directly  b(»lted  to  pump  shaft  by  means  of  30-inch  driv- 
ing and  12-inch  driven  pulley.  The  water  is  discharged  through  an 
8-inch  vertical  discharge  pipe  into  a  nictangular  flume. 

The  speed  of  engine  was  205  revolutions  per  mimit^,  and  that  of  the 
pump  was  525.  The  steam  pressure  varied  between  81  and  83  pounds. 
The  distance  from  vacuum-gage  tap  to  the  water  plane  was  3.64  feet. 
The  distance  of  vacuum-gage  tap  to  top  of  bottom  plank  of  flume  was 
7.96  feet,  and  from  tap  to  top  of  water  jet  the  distance  was  8.66  feet. 

The  vacuum  gage  read  24.25  inches,  which  is  equivalent,  when  cor- 
rected for  altitude,  to  22.25  inches  of  mercury,  or  25.5  feet  of  water, 
making  the  total  lift  34.16  feet.  The  discharge  was  measured  by 
integrating  with  a  Price  a(-oustic  current  meter  in  the  rectangular 
flume.  The  width  of  flume  was  1.19  feet  and  the  average  depth  of 
water  at  the  selected  cross  section  was  0.35  foot,  giving  a  cross  section 
of  0.417  square  foot. 

The  average  velocity  of  the  water  at  the  selected  cross  section  was 
1.867  feet  per  second,  which  gives  a  discharge  of  0.78  second-foot,  or 
351  gallons  a  minute.  From  this  we  deduce  the  specific  capacity  of 
the  well  to  l)e  16.3  gallons  a  minute,  and  the  specific  capacity  for  each 
square  foot  of  well  strainer  is  0.627  gallon  a  minute. 
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Tho  cost  of  fuel  usod  for  pumping  can  be  readily  estimated  fvm 
(^roful  t4»sts  by  Mr.  Koualt.  For  one  irrigation  of  a  70-acre  fieW^if 
toniat<M»s,  twenty-eight  days  of  twenty-four  hours  were  i-equired.  iwl 
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l-iiiiipuiu'  I'laiit  Hi   lh«M»(lnrr  Koiialt  iioar  Ijis  ("riiros,  X.  M<»x. 


7'>  cords  of  Cottonwood  wen*  consumed  hy  tlie  engine,  costing  i^l  ih'I 
<'<»r(l.  Ouiing  the  twenty-eiglit  days  of  tw(Mity-f()ur  working  hour 
each,    14,  ir)(),()(K)  gaUons,  or  4^.5  acre-feet,  of  water  were   pumped. 
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he  total  cost  of  wood  being  $120,  the  fuel  cost  per  1,000  gallons  of 
'  ater  recovered  was  $l.Or>,  or  $3.45  per  acre-foot.  The  fuel  cost  per 
,000  foot-gallons  was  $0.00081,  or  about  one  thirty-second  of  a  cent. 


12  HP.g9so/'ne  engine 


Fi(}.  G7.— Conditions  at  Ilunico  lliinch  Compjiny's  well  No.  1.  ut  Bcrino,  N.  Mex. 
TKST  OF  HORACO  RANCH  COMPANY'S  WELL  NO.  1.  RERINO,  N.  MEX. 

Well  No.  1  of  tho  Horaco  Ranch  Company,  at  Borino,  N.  Mex.,  is 
'5  feet  deoj),  construetiHl  with  l)^-inch  ca.sing,  with  18  feet  of  Mott 
trainer.     Water  is  delivered  through  a  7J-inch  vertical  discharge- 
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plants,  those  of  Felix  Martinez,  W.  N.  French,  and  E.  J.  Hadloek, 
are  located  about  8  miles  east  of  El  Paso,  Tex.  The  plants  of  J.  A. 
Smith  and  J.  S.  Porcher  are  located  in  the  valley  of  the  Rio  Grande 
about  8  miles  east  of  El  Paso,  Tex.  The  pumping  plants  of  Barker, 
Boycr,  Burke,  Carrera,  Hager,  Hines,  Roualt,  Totten,  and  the  Agri- 
cultural College  are  located  in  the  valley  of  the  Rio  Grande  in  the 
neighlx)rhood  of  Las  Cruces,  N.  Mex.  The  pumping  plants  of  the 
Horaco  Ranch  Company  are  located  near  the  post-office  of  lierino, 
N.  Mex.,  which  is  situated  24  miles  north  of  El  Paso  and  17  miles 
south  of  Las  Cruces. 

The  fuel  used  in  most  of  these  pumping  plants  is  gasoline,  which 
term  as  here  used  includes  the  "^distillate"  manufactured  from  Texas 
crude  oil,  which  is  extensively  used  for  fuel  purposes.  Its  caloric  value 
is  somewhat  less  than  that  of  the  gasoline  used  in  the  Eastern  States. 

DKTERMIXATION    OF   VACUUM. 

In  all  of  the  pumping  plants  except  the  one  of  E.  J.  Hadloek  water 
was  recovered  by  means  of  centrifugal  pumps,  which  in  nearly  all 
cases  were  directly  coupled  to  the  top  of  the  well  casings.  In  order 
to  determine  the  suction  of  the  pumps,  it  was  necessary  to  drill  a  hole 
in  the  goose  neck  of  the  centrifugal  pumps  and  insert  the  vacuum 
gage.  The  measurements  to  determine  the  distance  the  pumps  were 
required  to  lift  the  water  were  made  from  this  vacuum-gage  tap  as 
datum  in  all  cases.  In  column  (>  is  given  the  distance  the  pump  is 
required  to  lift  the  water  above  the  vacuum-gage  tap.  In  column  7 
the  vacuum  reading  is  given  in  feet  of  water.  Therefore  the  total 
lift  of  the  pump  can  be  found  in  each  case  by  adding  the  cor- 
responding numbers  in  columns  f>  and  7.  In  column  8  is  given  the 
distance  that  the  natural  level  of  the  water  in  the  well  is  lowered  during 
pumping.  If  the  vacuum  gage  had  been  placed  at  the  exact  level  of 
the  undisturbed  ground  water,  the  readings  in  column  8  would  be 
identical  with  those  in  column  7.  The  num))ers  in  column  8  are  less 
than  those  in  column  7,  because  in  all  cases  the  vacuum  gage  stood 
some  distance  above*  the  natural  level  of  the  water  in  the  well. 

SPECIFIC    CAPACITY. 

The  numbers  in  colunm  1 1  exi)ress  the  readiness  with  which  the 
well  furnishes  water  to  the  pump.  The  numbers  in  each  case  were 
found  by  dividing  the  numbers  in  column  10  by  the  corresponding 
numbers  in  column  8.  These  numbers  therefore  express  the  amount 
of  water  the  well  would  furnish  if  the  water  level  in  the  well  was 
lowered  but  1  foot.  They  constitute  what  is  known  as  the  "*  specific 
capacity''  of  the  well,  and  are  large  in  case  of  a  good  well  and  small  in 
case  of  a  poor  well.     (See  Chapter  VII.) 

In  column  12  there  are  given  the  same  magnitudes  as  are  expressed 
in  column  11,  reduced  in  each  case  to  1  square  foot  of  well  strainer. 
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ation  in  tho  total  value  of  the  plant  has  l)een  taken  at  10  pei 
the  rate  of  interest  at  8  per  cent.  It  is  difficult  to  make  ai 
estimate  of  the  amount  of  cost  that  should  l>e  chared  up  to 
recovered  hv  an  irrigation  plant,  .on  account  of  the  presence 
unknown  factors.  If  the  plants  were  in  operation  every  d 
year  it  would  be  relatively  ejvsy  to  make  an  ac^curate  estimat 
factors  in  the  operating  expense^  As  it  is,  the  plants  are  in 
for  a  longer  or  shoi-ter  period,  depending  upon  circumstanc 
vary  from  year  to  year.  Most  of  the  plants  are  used  mei 
auxiliary  to  the  supply  of  ditch  water.  In  making  the  estim 
charge  for  intt^rest  and  depreciation  it  has  been  assumed  that  t 
are  in  op(»ration  for  two  thousand  hours  each  season.  Tl 
sponds  to  a  contiinious  twenty-four  hours'  daily  use  for  threi 
or  two  hundred  days  of  ten  hours  each,  and  probably  rep 
fair  average  of  the  actual  conditions. 

In  column  15  th(»re  is  given  a  charge  for  labor  and  other  i 
including  oil,  batteries,  and  such  other  incidental  expenses  i 
properly  included  under  the  head  of  depreciation.  The  op< 
the  gasoline  plants  can  easily  l)e  put  in  charge  of  unskilled  li 
for  the  smaller  plants  full  time  is  not  required  of  such  labor. 


FCF.I,   (VMST. 


That  part  of  the  operating  t^xpenses  which  is  properly  chai 
fuel  cost  can  be  accunitely  determined.  Column  IHexpresse 
for  fuel  per  hour  at  the  various  phuits.  Column  18  expresse 
per  acr(»-fo()t  of  water  recovered.     In  column  17  there  is  | 

/•r»«f  f\^  fnol  for  liftinrr  1    000    cnillrtiw    r^f    wnfpv  throiiofb    u    At* 
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CX)MHENTH  ON   THE  RIO  GRANDE  PUMPING   PLAlHf). 

The  pumping  plants  of  Martinez,  French,  Hadlock,  Smith,  and 
Porcher  are  all  located  in  the  bottom  lands  of  the  Rio  Grande  from  3 
to  8  miles  east  of  El  Paso,  Tex.  From  column  12  of  the  table  it  will 
be  seen  that  the  specific  capacities  of  these  wells  per  square  foot  of 
well  strainer  are  nearly  the  same  at  the  plants  of  Martinez,  French, 
Smith  No.  2,  and  Porcher,  varying  only  between  J. 21  gallons  a  minute 
at  Martinez's  well  to  1.37  at  French's  well.  These  numbers,  it  should 
})e  remembered,  give  the  amount  of  water  furnished  by  each  square 
foot  of  well  strainer  for  1  foot  head  of  water.  The  numbers  express, 
therefore,  the  degree  of  coarseness  of  the  material  in  which  the 
strainer  is  placed,  provided,  of  course,  that  the  well  strainers  them- 
selves offer  little  or  no  resistance  to  the  admission  of  water  to  the 
well.  The  specific  capacity  per  square  foot  of  strainer  at  the  Smith 
plant  No.  1  and  the  Hadlock  plant  is  much  smaller  than  the  others. 
In  the  case  of  the  Hadlock  well  there  is  no  doubt  but  that  this  result 
is  due  to  the  fact  that  three  of  the  Hadlock  wells  draw  from  surface 
wat^r  above  a  clay  which  overlies  the  sand  and  gravel  from  which  the 
fourth  well  and  the  neighboring  wells  of  Martinez  and  French  draw 
their  supply.  In  addition  to  this  the  strainers  on  these  three  wells  of 
Hadlock  couvsist  of  nothing  but  common  pipe  with  drilled  round 
holes.  This  poor  form  of  strainer  is  sufficient  in  itself  to  cut  down 
very  materially  the  specific  capacity  of  the  wells. 

The  low  specific  capacity  at  Smith's  plant  No.  1  is  probably  due 
(chiefly  to  a  locral  deposit  of  fine-sized  water-bearing  sand.  There  is 
no  covering  layer  of  clay  over  the  water-bearing  sands  and  gravels  at 
the  location  of  these  wells.  The  sands  contain  so  little  coarse  material 
that  fine  sand  is  constantly  being  drawn  into  the  wells  by  the  pumps. 
This  dnift  on  the  sand  deposit  at  the  east  of  the  three  wells  at  Smith's 
plant  No.  1  is  such  that  sevenil  wagon  loads  of  gravel  have  been 
hauled  from  time  to  time  and  placed  in  the  pit  of  the  east  well  to 
replace  the  sand  removed  by  the  pumps. 

The  tests  of  the  nine  wells  in  the  Rio  Grande  Valley  near  Las 
Cruces,  N.  Mex.,  form  an  interesting  stud}-.  If  we  arrange  them 
in  order  of  their  specific  capacities  per  square  foot  of  well  strainer 
the  list  is  as  follows: 

Specific  capacity y  per  sqiutrffofA  of  strainer y  of  nine  veUs  in  Rio  Grande  Valley  near  Ixis 

Orurea,  X.  Mex. 


Name  of  well. 

1  Gals,  per  mill. 
3.  530 

Hager . 

Tott^n 

;  Roualt 

Barker 

Name  of 

well. 

Gals,  per  mi n. 

( 'arrera 

! 

0. 760 

Agricultural  college 

Bover 

2.  320 
1.909 

...                  .760 
.627 

Hines 

1 
1.790 

.337 

Burke  

.934  ! 
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In  most  cases  this  will  mean  the  construction  of  additional  wells,  as 
the  strainer  surface  can  not  he  otherwise  sufficienth'^  increased.  The 
necessity  of  keeping  the  lift  of  the  pump  down  to  a  minimum  is  greatly 
emphasized  in  irrigation  plants,  and  large  strainer  surface  is  the  first 
requisite. 

The  efficiency  of  the  smaller  plants  can  also  \ye  increased  by  the  con- 
struction of  storage  reservoirs  or  ponds  for  the  accunmlation  of  water 
before  it  is  used  for  irrigation.  In  this  way  the  duty  of  the  water  can 
be  considerably  increased.  Barker's  plant  is  the  only  one  having  such 
reservoirs.  For  plants  that  yield  over  a  second-foot  of  water  the  res- 
ervoir is  undoubtedly  of  little  additional  value. 

The  determination  of  the  speeds  of  the  centrifugal  pumps  at  the 
various  plants  showed  that  in  many  cases  the  speed  had  not  been  prop- 
erly adjusted.  In  all  cases  the  speeds  were  too  high.  This  was 
undoubtedly  due  to  the  fact  that  the  vacuum  had  never  been  deter- 
mined, so  that  the  total  lift  of  the  pump  was  unknown. 
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PUBLICATIONS  OF  UNITED  STATES  GEOLOGICAL  SURVEY. 

[Water-supply  Paper  No.  140.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1 )  Annual 
Report*?,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Res^jurces,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of 
United  States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publi- 
cation; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  linHte<l  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
niay  l>e  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  allotted  to  every  member  of  Congreas,  from  whom  they 
may  be  obtained,  free  of  charge,  on  application. 

;i  Other  copies  are  deposite<l  with  the  Superintendent  of  Documents,  Wa^^hington, 
1).  C.y  from  whom  they  may  l>e  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
li])raries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subject*,  and  the  total  number  is8ue<l  is  large.  They  have  therefore  l)een  classified  into 
the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  Systematic 
geology  an<l  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and  phys- 
ics; F,  Geography;  G,  Miscellaneous;  H,  Forestr>';  I,  Irrigation;  J,  Water  storage; 
K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investigations; 
N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports.  This 
paper  is  the  forty-third  in  Series  O,  the  complete  list  of  which  follows  (PP=  Profes- 
sional Paper;  B=Bulletin;  WS= Water-Supply  Paper): 

SERIES  O.  UN DERG ROUND  WATERS. 

WS     4.  A  reconnaissance  in  southcHJJtern  Washington,  by  I.  C.  Russell.    1897.    96  pp.,  7  pis. 

WS     6.  Underground  waters  of  south wt^teni  Kansit",  by  Emsmim  Ilaworth.    1897.    G.'ipp.,  12  pis. 

WS     7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortler.    1897.    50  pp..  3  pis. 

WS    12.  Underground  waters  of  southeastern  Nebraska,  by  N.  H.  Darton.    1898.    66  pp..  21  pis. 

WS   21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1899.    82  pp..  2  pis. 

WS   26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leverett.    1899.    64  pp. 

WS   30.  Water  resr)urees  of  the  Lower  IVnin.sula  of  Michigan,  by  A.  C.  Lane.    1899.    97  pp.,  7  pl.«<. 

WS   31.  U)wer  Michigan  mineral  waters,  by  A.  ('.  l^ne.    1899.    97  pp.,  4  pis. 

WS   34.  Geology  and  water  resources  of  a  portion  of  .southeastern  South  Dakota,  by  J.  E.  Todd,    1900. 

34  pp.,  19  pis. 
WS   53.  Geology  and  water  resources  of  Nez  Pt-n-es  County,  Idaho.  Pt.  I.  by  I.  (■.  Russell.    1901.    86 

pp.,  10  pis. 
WS   54.  Geology  and  water  resoun-es  of  Nez  Penes  County.  Idaho.  Pt.  II,  by  I.  C.  Russell.    1901. 

87-141  pp. 
WS   55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.    1901. 

68  pp.,  7  pis. 
WS   57.  Preliminary  list  of  deep  borings  in  tht-  United  States.  I't.  I.  by  N.  fl.  Darton.    1902.    (K)  pp. 
WS   59.  Development  and  application  of  water  in  southern  Califonila,  Pt.  I.  by  J.  B.  Lippincott.    1902. 

95  pp.,  11  pis. 
WS   60.  Development  and  application  of  water  in  southern  California.  Pt  II.  by  J.  B.' Lippincott 

1902.     96-140  pp. 
WS   61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  II,  by  N.  H.  Darton.    1902.    67  pp. 
WS  67.  The  motiomj  of  underground  waters,  by  C.  S.  Slichter.    1902.    106  pp.,  8  pis. 

I 


LIBBABT  CATALOGUE  SLIPS. 

[Mount  each  slip  upon  a  separate  card,  placing  the  subject  at  the  top  of  the 
second  slip.  The  name  of  the  series  should  not  be  repeated  on  the  aeries 
card,  but  the  additional  numbers  should  be  added,  as  received,  to  the  first 
entry.] 


r      Slichter,  Charles  S[umner]  1864- 

-^  .  .  .  Field  measurements  of  the  rate  of  movement  of 

^  ^    underground  waters,  by  Charles  S.  Slichter.     Washing- 
,  i!    ton,  Gov't  print,  off.,  1905. 

c  122,   iii    p.    illus.,   XV   pi.,   diagrs.     23«".     (U.   8.   Geological    survey. 

Water-supply  and  irrigation  paper  no.  140) 
Subject  series:  O,  Underground  waters,  43. 
1.  Water,  Underground. 

Slichter,  Charles  S[umner]  1864- 

.  .  .  Field  measurements  of  the  rate  of  movement  of 
=    <!   underground  waters,  by  Charles  S.  Slichter.     Washing- 
«    ton.  Gov't  print,  off.,  1905. 

122,   iii   p.    illus.,    XV^   pi.,   diagrs.     23*"".      (U.    S.    Geological    survey. 
Water-supply  and  irrigation  paper  no.  140) 

Subject  series:  O,  Underground  waters,  43. 
1.  Water,  Underground. 

U.  S.     Geological  survey. 

Water-supply  and  irrigation  papers, 
■c    no.  140.     Slichter,  C.  S.     Field  measurements  of   the 
rate   of   movement   of    underground   waters. 
1905- 


i 


U.S.     Dept.  of  the  Interior, 
see  also 
U.  S.     Geological  survey. 


^ 


Water-Sappljr  aod  Irrigation  Pap«  No.  141  S«i«  {  J  SlS^*W;IL,  44 

DKPARTMKNT  OF  THK  INTKRIOR 

UNITED  8TATKS  GFX)LO(JR'AL  SUttVEY 

CHARLES  I).  \VAU;<)TT.  l)iK>X7n>R 


OBSERVATIONS 


ON   THK 


(JROUNI)  Waters  of  Rio  Grande  Valley 


BY 


CllAHLKS    S.   SLIOIITKR 


WASHINGTON 

(JOVKKNMENT     PRINTING     OFflCK 
1905 


CONTENTS. 


Pase. 

Letter  of  Transmittal 7 

C'haiter  I. — Investigation  of  the  umierflow  at  the  narrows  of  the  Rio  Grande 

near  El  Pa«o,  Tex 9 

Chaiter  II. — Gronnd  waters  l)elow  KI  Paso,  Tex 14 

(^riAPTER  III.— Kxaniination  of  gronnd-water  supplies  in  the  Mesilla  Valley..  22 

Test  wells 24 

Source  of  the  underflow 25 

I  ndications  of  the  amount  of  ground  wat<»r  available 28 

Necessity  for  deep  wells 29 

'  ( )}>servations  at  Berino,  N.  Mex 30 

Chaiter  IV. — Suniniary  of  tests  of  pumping  plants  in  southern  New  Mexico 

and  trans-Pecos,  Tex 31 

Determination  of  vacuum 31 

Specific  capacity 32 

Cost  and  oi>erating  expenses 32 

Fuel  cost 33 

Comments  on  the  Rio  Grande  pumping  plants 36 

Chapter  V. — Details  of  tests  of  pumping  plants 39 

Plants  near  Kl  Paso,  Tex 39 

E.J.  Iladlock 39 

W.  N.  French 41 

Felix  Martinez 43 

J.  A.  Smith 45 

J.  S.  Porcher 49 

Plants  in  Mesilla  Valley,  N.  Mex 51 

F.  C.  Barker 51 

J.  C.  Carrera 53 

Frank  Burke 53 

Mrs.  E.  M.  Bi.yer 56 

W.N.  Hager 58 

A.  L.  Hines 59 

Thetxiore  Roualt 61 

G.  H.  Totten 63 

Agri(;ultural  College 65 

Plants  near  Berino,  N.  Mex 67 

Iloraco  Ranch  Company 67 

Appendix. — Analysis  of  well  water  and  data  concerning  wells  at  and  near  El 

Paso,  Tex 74 

Index 81 

S 


ILLUSTRATIONS. 


Pago. 
Plate  I.  .1,  Gorge  of  the  Rio  Grande  above  El  Paj?o,  Tex.;  B^  Washing  down 

test  pipe  at  the  gorge  of  the  Rio  Grande 10 

II.  ^,  California  well  rig;  B,  Porcher  strainer 16 

III.  A,  Small  rig  for  drilling  wells  for  stock;  By  Timber  on  Sacramento 

Mountains 20 

IV.  Diagram  showing  variation  in  elevation  of  ground  water  in  the  east- 

west  line  of  test  wells  from  September  20,  1904,  to  March  26, 1905.        26 
V.  .1,  Dif<charge  from  well  No.  1,  Horaco  Ranch  Company;  5,  Pump- 
ing plant  of  T.  Roualt 62 

Fig.    I.  Topographic  map  of  the  gorge  of  the  Rio  Grande  above  El  Paso,  Tex., 

where  the  underflow  movements  were  made 10 

2.  Cross  section  of  the  gorge  of  the  Rio  Grande  above  El  Paso,  Tex.,  at 

the  site  of  the  proposed  international  dam 11 

3.  Diagram  showing  the  variation  with  the  depth  of  the  total  solids  and 

chlorine  in  the  ground  water  at  the  gorge  or  narrows  of  the  Rio 
Grande  above  El  Paso 12 

4.  Map  showing  location  of  wells  and  pumping  plants  in  the  valley  and 

on  the  mesa  east  of  El  Paso,  Tex 15 

5.  Section  through  the  mesa  near  El  Paso,  from  Hereford  to  French's 

pumping  plant,  showing  water-bearing  sands  and  position  of  the 
water  plane 16 

6.  Elevation  of  water  plane  at  Porcher*s  well  No.  1 19 

7.  Water  plane  between  Porcher's  and  Smith's  pumping  plants  and  the 

Rio  Grande  on  September  5,  1904 19 

8.  Map  showing  wells  near  Mesilla  Park,  N.  Mex 23 

9.  Position  of  the  water  plane  September  19,  1904,  in  the  two  lines  of 

test  wells  shown  in  fig.  4 24 

10.  Cross  section  of  part  of  Rio  (irande  Valley  at  Berino,  N.  Mex.,  show- 

ing position  of  the  water  plane  on  September  16, 1904 30 

11.  Plan  showing  arrangement  of  wells  at  Iladlock's  pumping  plant 39 

12.  Elevation  of  wells  at  Hadlock's  pumping  plant  near  El  Paso,  Tex...        40 

13.  Diagram  of  pumping  plant  of  W.  N.  French,  near  El  Paso,  Tex 42 

14.  Diagram  of  pumping  plant  of  Felix  Martinez,  near  El  Paso,  Tex 44 

15.  Diagram  of  J.  A.  Smith's  pumping  plant  No.  1,  near  El  Paso,  Tex  ..        45 

16.  Diagram  of  J.  A.  Smith's  pumping  plant  No.  2,  near  El  Paso,  Tex..        48 

17.  Diagram  of  pumping  plant  of  J.  S.  Porcher,  near  El  Paso,  Tex 50 

18.  Diagram  of  pumping  plant  of  F.  C.  Barker,  near  Las  Cruces,  N.  Mex.        52 

19.  Diagram  of  pumping  plant  of  J.  C.  Carrera,  near  Las  Cruces,  N.  Mex.        54 

20.  Diagram  of  pumping  plant  of  F.  Burke,  near  Mesilla  Park,  N.  Mex..        55 

21.  Diagram  of  pumping  plant  of  Mrs.  E.  M.  Boyer,  near  Las  Cruces,  N. 

Mex 57 

22.  Diagram  of  pumping  plant  of  W.  N.  Hager,  near  Mesilla,  N.  Mex 58 

23.  Diagram  of  pumping  plant  of  A.  L.  Uines,  near  Medlla,  N.  Mex 60 

5 


6  ILLUSTRATIONS. 

Fio.  24.  Diagram  of  pumping  plant  of  T.  Rooalt,  near  Las  OmoeB,  N.  Mex...  € 

25.  Diagram  of  pumping  plant  of  G.  H.  Totten,  near  Menllm,  N.  Mex 64 

26.  ParalK)la  of  di6chai>te  from  flume  at  Totten'e  well 65 

27.  Diagram  of  Agricultural  Ck>llQge,  12-inch  well,  Meeilla  Pturk,  N.  Mex..       66 

28.  Plan  of  pumping  plants  of  the  Horaco  Ranch  Company,  Berino,  ^. 

Mex 67 

29.  Diagram  of  pumping  plant  No.  3,  Horaco  Ranch  Company 6))> 

30.  Diagram  of  pumping  plant  No.  1,  Horaco  Ranch  Company TO 

31.  Diagram  of  pumping  plant  No.  2,  Horaco  Ranch  Company '\ 

32.  Wells  at  Fort  BHhs  station,  El  Paso  and  Northeastern  Railroad 7^ 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Reclamation  Service, 
WaHh!n<fto)K  D.  (\^  Janvanj  12^  1905, 
Sir:  I  transmit  herewith  a  nmnuscript  by  Prof.  Chas.  S.  Slichter, 
entitled  **  Observations  on  the  Ground  Waters  of  Rio  Grande  Valley," 
and  request  that  it  be  published  a.s  one  of  the  series  of  Water-Supply 
and  Irrigation  Papers.     This  report  contains  results  of  recent  investi- 
gations in  connection  with  the  underground-water  problems  of  Rio 
Grande  Valley,  and  it  is  believed  that  the  facts  made  available  will  be 
of  general  interest  and  value. 
\'ery  respectfully, 

F.  H.  Newell,  Chief  Engineer, 
Hon.  ('harles  D.  Walcott, 

Director  Uidfed  Statefi  (TeohHjlenl  Surrey, 

7 


3BSKRVAT10NS  ON  THE  GROUND  WATERS  OF  RIO 
GRANDE  VALLEY. 


Bv  Charles  S.  Slichter. 


CHAPTER    I. 

Tl^^KSTIOATION  OF  THE   I  NI>ERFI^OW  AT  THE  NARROWS 
OF  THE  RIO  GRANDE  NEAR  EL.  PASO,  TEX. 

An  investigation  of  the  underflow  of  the  Rio  Grande  was  begun  in 
the  latter  part  of  August,  1904,  at  the  narrows  of  the  Rio  Grande,  a 
few  miles  above  El  Paso,  Tex.,  where  the  stream  flows  through  a 
narrow  gorge  of  limestone.  At  this  place  is  the  site  of  the  proposed 
Mexican-American  international  dam.  At  the  surface  of  the  water 
the  distance  between  the  walls  of  the  gorge  is  less  than  400  feet.  The 
dam  site  has  })een  investigated  by  the  International  (Water)  Boundary 
Commission,  organized  by  the  joint  action  of  the  American  and  Mexi- 
can Governments,  and  maps  and  reports  concerning  the  proposed  dam 
will  be  found  in  the  Proceedings  of  the  International  (Water)  Bound- 
ary Commission,  vol.  2,  page  277. 

A  })rief  reconnaissance  at  the  site  of  the  proposed  international  dam 
indicated  that  there  could  be  no  underflow  of  any  magnitude  at  this 
point.  The  distance  between  the  walls  of  the  gorge  is  less  than  400 
feet,  and  the  test  borings  made  by  the  Mexican  commission  in  1897 
seemed  to  indicate  that  the  maximum  depth  to  l)ed  rock  is  86  feet.  A 
cross  section  of  the  gorge,  based  uix)n  the  Mexican  borings,  is  shown 
in  tig.  2.  In  this  diagram  the  vertical  and  horizontal  scale  are  the 
same.  A  cross  section  of  le^s  than  40,000  square  feet  could  not  trans- 
mit a  large  volume  of  ground  water  even  if  other  conditions  were 
favorable.  The  highest  velocity  ever  determined  for  ground  water  is 
about  100  feet  in  twenty-four  hours,  and  assuming  this  maximum 
velocity  at  the  above  cross  section,  and  a  porosit}'  of  one-third  in  the 
water-bearing  sands  and  gravel,  the  daily  discharge  would  be  1,333,000 
cubic  feet,  or  15i  cubic  feet  per  second.  The  gi-adient  of  the  water 
plane  at  the  narrows  is  but  S^^g  feet  to  the  mile,  and  all  other  indica- 
tions point  to  a  low  rather  than  a  high  velocity. 

None  of  the  usual  indications  of  an  underflow  were  found  at  this 
point.     If  there  was  a  true  underflow  a  stream  undoubtedly  wou' 
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flow  {MM'onnially  in  the  narrowest  |Mirt  of  the  ffor^.  Some  mile- 
alK)vo  thr  sito  of  the  (hiin  the  vaUey  hroadoiis  und  is  :i  to  5  iiiil€>  in 
width,  the  sides  j^nidually  eoiivor||(inj(  as  tho  i|forg^»  is  appnxichiHl. 
The  <liniiiiishiii^  cross  s*M*tioii  would  causi*  any  underflow  waters  in  the 


Vui.  1.— TuiK)Kniphie  map  of  thv  gorKt-  of  tho  Ki«»  <ir>iii.l«'  a»»ovr  El  Pa.H>  Tex.,  where  the  uudi-rtli'U 

iiK'ji-iinimiit-  Wi-Tv  iiui(l«*. 


valloy  ahove  the  narrow.^  to  seek  lelief  at  the  surface  in  the  narrow 
j(or^e  and  form  a  perennial  tlowinj:' stream.  Inst(»ad  of  this  beinjr  the 
ease  the  river  is  perfectly  dry  at  the  jror^n'  when  it  ceases  to  flow  above 
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e  pass.  It  was  dry  during  several  months  of  1904.  In  addition  to 
perennial  surface  flow  through  the  narrowest  portion  of  and  above 
e  gorge  and  near  its  converging  sides,  the  ground  waters  should 
,ve  a  slightly  artesian  charact^T.  None  of  these  common  indications 
an  underflow  were  found. 

Notwithstanding  the  above  considerations,  actual  detenninations  of 
le  rate  of  underflow  were  begun,  largely  on  account  of  a  local  popu- 
.r  belief  that  there  is  an  enormous  underflow  at  this  point.  The 
3sults  of  the  investigation  are  in  ac<^ordance  with  general  considera- 
ons  above  indicated. 

The  material  in  the  river  bed  at  the  site  of  the  proposed  inter- 
ational  dam  consists  of  sand  and  flne  gravel  with  occasional  layers  of 
ilt.  No  bowlders  were  encountered  in  sinking  the  test  wells  and  the 
K) rings  were  made  with  great  ease.  The  ground  waters  in  the  sands 
>f  the  gorge  were  found  to  contain  a  large  amount  of  dissolved  solids. 


b'ni.  2.— (.'n>>i8  section  of  the  gorge  of  the  Rio  Grande,  above  El  Vam,  Tex.,  at  the  uite  of  the  prop(iHe<1 
international  dam. 

The  nnmben*  inclosed  in  the  rectanglcM  give  the  velocity  of  the  ground  water  in  feet  per  twenty-four 
hours.  The  numbers  inclosed  in  circles  give  tlie  amount  of  common  salt  in  parts  per  100,000  dis- 
soIvtMl  in  the  ground  water.  The  table  at  the  right  gives  the  depths  of  the  test  wells  and  the 
nmount  of  total  wjlids  found  in  the  water.  The  Mupposed  rock  bottom  is  given  as  determined  by 
llu'  Mexican  boringx.  the  vertical  and  horizontal  wales  l>eing  alike. 

At  11  depth  of  10  feet  the  waters  contained  about  100  parts  per  100,000 
f)f  coniinon  salt,  and  the  quantity  became  larger  as  distance  from  the 
surface  increased.  Below  a  depth  of  32  feet  so  much  salt  was  present 
that  it  was  very  diflicult  to  determine  th(»  mte  of  motion  of  the  ground 
waters.  At  a  depth  of  42  feet  the  common  salt  in  solution  amounted 
to  1,^40  parts  per  10(),(XM);  at  fJO  feet  it  reached  1,700  parts  per  100,000; 
in  a  50-foot  test  hole  it  amounted  to  1,720  parts  per  100,000.  The 
total  solids  dissolved  in  the  ground  wati»r  were  proportionately  as  large 
as  th(»  amount  of  common  salt,  so  that  at  a  depth  of  40  feet  the  water 
was  about  half  as  strong  as  sea  water,  and  at  a  depth  of  t>0  feet  it  was 
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increase  in  totai  solids  is  not  uniform,  but  becomes  greater  below  the 
35-foot  line.  The  amount  of  chlorine  shows  a  similar  jump  at  about 
the  same  depth,  but  after  increasing  suddenly  it  seems  to  remain  sta- 
tionary. This  may  be  due  to  the  fact  that  the  common  salt  in  solution 
originates  above  the  gorge,  and  has  been  slowly  concentrated  during 
a  long  time.  The  total  solids,  on  the  contrary,  include  the  dissolved 
salts  of  lime,  which  can  become  almost  indefinitely  concentrated  from 
the  limestone  debris  in  the  gravels  of  the  gorge  itself. 

It  would  be  interesting  to  know  whether  the  depth  of  the  most  sud- 
den increase  in  the  dissolved  salts  (say  35  feet)  corresponds  to  the 
depth  of  the  maximum  scour  of  the  river  at  the  gorge. 

The  velocities  of  the  ground  water  in  the  tests  described  above  are 
undoubtedly  the  maxinmm  velocities  in  the  narrows  of  the  gorge,  since 
pains  were  taken  to  make  the  tests  in  the  coarsest  strata  encountered 
in  the  borings.  Layers  of  fine  silt  were  frequently  met  with  in  put- 
ting down  the  test  wells,  whic^h  probably  accounts  for  the  stagnant 
condition  of  the  water  below  the  35-foot  level.  These  layers  of  silt 
are  undoubtedly  imbricated  in  such  a  way  that  movement  of  the  deeper 
ground  waters  is  impossible. 

The  total  cross  section  in  which  the  ground  waters  move  is  about  35 
feet  in  depth  and  325  feet  in  width  and  has  an  area  of  11,200  square 
feet.  If  it  is  assumed  that  the  porosity  of  the  material  is  one-third 
and  the  maximum  velocity  of  the  ground  water  is  3  feet  per  day,  the 
total  discharge  through  the  gorge  does  not  exceed  11,200  cubic  feet 
per  twenty-four  hours,  or  about  0.132  cubic  foot  per  second,  or  about 
50  gallons  a  minute.  This  amount  of  underflow  is  entirely  insignifi- 
cant. It  is  obvious  that  on  account  of  the  enormous  <iuantity  of  dis- 
solved solids  the  underflow  would  l>e  worthless,  no  matter  what  its 
magnitude  might  be. 
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iring  sand,  however,  in  too  tine  grained  to  furnish  wells  of  large 
pacify.     The  origin  of  ground  water  in  this  sand  stratum  is  difficult 
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•'Hi.  4.— Miip  Hhowing  kM'Htioii  of  wt'lls  hikI  puiiipiiig  plantn  in  the  valley  and  on  the  mem  east  of  KI 
Pa««>.    The  linos  nni  with  Irvel  an*  shown. 

X)  trace.     Nearly  everywhere  in  the  southern  part  of  the  mesa  there 
s  within  a  few  feet  of  the  surface  from  3  to  «>  feet  of  "'caliche,"  a 
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tviiuMitt'd  4'alninH)Us  iniiH^rvious  con^lomorHtc  that  piwcnts  tho  i 
age  of  ground  \val*»r.     Tho  driK>Hit  <»f  ''caliche  ■"  seems  to  l)e  the  r 
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of  tho  ovsiporjition  of  thr  trroniid  \v:it«'r  near  the  siirfjUT  of  the  iii 
Whenever  thi.s  '•ciiliche'"  is  present  the  rainfall  is  undoubtedly  un 
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»onetrate  the  ground  for  a  distance  of  more  than  a  few  feet.     The 

ual  precipitation  is  so  slight,  not  exceeding  a  total  of  9  inches,  that 

portion  that  sinks  into  the  ground  must  soon  be  evaporated  by  the 

»nse  heat  of  the  sun  wherever  the  ''caliche''  is  present. 

t  is  difficult  to  })elieve  that  the  ground  water  in  the  stratum  of  sand 

erred  to  above  is  derived  from  the  run-off  from  the  north-south 

untain    ranges.     These   mountain   ranges  consist  very  largely  of 

lestonc;  and  the  small  canyon  streams  run  high  in  calcium,  but  the 

ters  found  in  the  sand  stratum  are  very  soft  and  show  no  indication 

having  originated  in  a  calcareous  catchment  area.     The  most  prob- 

le  source  of  the  water  of  the  sand  stratum  of  the  mesa  is  the  rain- 

11  on  the  mesa  itself,  esi>ecially  on  limited  portions  located  between 

;  and  25  miles  north  of  the  Rio  (Jrande.     Part  of  the  surface  material 

1  the  mesa  near  Hereford  is  very  sandy  and  is  fairly  well  adapted  to 

M*eive  and  absorl>a  considerable  part  of  the  light  rainfall.     The  rail- 

>ad  wells  drilled  at  this  point  indicate  that  only  a  fractional  part  of 

16  sand  stratum  is  saturated  with  water,  while  in  the  lower  part  of 

le  mesa  in  the  neighborhood  of  F'ort  Bliss,  near  the  valley  of  the  Rio 

rande,  the  water  in  the  sand  is  found  under  an  artesian  head.     These 

lets  are  brought  out  in  fig.  5.     As  will  l)e  seen  by  inspection  of  this 

iagnim,  the  source  of  tlie  ground  water  found  in  the  deep-lying  sands 

tid  gravels  should  l>e  sought  in  the  neighborhood  of  Ilerefoi'd.     The 

round  water  certainly  can  not  have  had  its  source  near  Fort  Bliss,  as  is 

roved  by  its  artesian  character.     North  of  Hereford  a  point  is  reached 

t  which  the  ground  waters  are  very  strongly  alkaline,  and  it  is  evi- 

ent  that  water  can  not  have  originated  so  far  north.     The  contrast 

etween  the  strong  waters  in  the  north  and  the  soft  waters  in  the 

3uthern  part  of  the  mesa  suggests  that  the  waters  of  the  one  portion 

f  the;  mes4i  must  be  cut  off  geologically  from  those  of  the  other  part. 

Within  a  few  miles  of  the  southern  edge  of  the  mesa  several  deep 

ells  have  been  sunk  to  obtain  watcsr  from  the  above-mentioned  sand 

nd  grav  el.     Near  the  southern  edge  of  the  mesa  the  Southern  Pacific 

tjiilroad  has  a  group  of  wells  designed  to  obtain  ground  water  for 

ailroad  purposes.     The  wells  are  8  inches  in  diameter  and  alx>ut  270 

pet  deep,  and  each  contains  at  the  }>ottom  a  No.  6  Cook  strainer,  7 

iches  by  20  feet  in  dimensions.     The  (luality  of  the  water  is  excel- 

mL  but  the  cjuantity  is  very  limited.     The  four  wells,  each  supplied 

ith  a  Downey  double-acting  deep-well  pump,  are  able  to  secure  no 

lore  than   150,000  gallons  in  twenty-four   hours.     About   one-half 

lile  north  of  the  Southern  Pacific  wells  two  wells  have  l>een  sunk  to 

btjiin  water   for  the  use  of   Fort   Bliss  Military  Reservation.     The 

wo  wells  are  about   20  Hoot   apart,  the  depth   of   the   eastern  well 

eing  313  feet  and  that  of  the  w(»stern  81*.*  feet.     The  wells  have  a 

iameter  of  8  inches,  contain  (l-inch  suction  pipes,  and  carry  at  the 

ottom  a  No.  ^1  C'ook  strainer,  of  inches  in  diameter  and  8  feet  long. 

IRR  141—05 2 


GROUND    WATKRS    BKLOW    KL    PASO,   TKX. 


15 


Paso,  at  the  pumping  plants  of  J.  A.  Smith  and  J.  S.  Ponthcr 
shows  the  slope  of  the  water  plane  between  the  river  channc 
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Fio.  G.^Eleyation  of  water  plane  at  Porchcr'H  well  No.  1. 


$'•  elevation  of  surf  act  ofv^er  in  river 
SeptS,/$04' 


v^5*_«^/4,^ 


't/eymfipp 
•M».fP 


l/evetion 


VaUT  |»lHiie  bvtwucu  Porcher'i*  and  .Smith's  punipinK  plants  and  the  Kio  Grande  on  Septen 

bor,  5. 19W. 


le  wells  of  Smith  and  Porcher,  as  determined  on  September  /) 
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l^artitii  nnnltjmn  nf  mimiUeB  uf  uater  from  the  Rio  drande  ValUry^  Trwa*  and  Xttr  M 

[In  pHitH  per  100.000.] 


C«C 


NHini'  of  well. 

lH>pth  of 
well. 

Total 

BOlidft. 

Chlorine. 

Hardnea*  a 
CaCO,. 

SaiikpK^H  taken   near   Kl  Paw), 
Tex.: 

C'itv  water,  Kl  Paw»,  Tex . . . 



127 

54.0 

70.4 

Kl  Vhsh}  Brewery 

58 

72 

21.4 

30.0 

Felix  Martinez 

68 

62 
104 

13.7 
31.5 

2tt.6 

K.  J.  Haiilock 

47.7 

W.  N.  Freneh 

78 

55 

11.0 

25.0 

.I.S.  Ponrher ... 

HO 

110 

22.6 

73.5 

J.  A.  Smith  No.  1 

«2 

174 

55.6 

67.0 

J.  A.  Smith  No.  2 

60 

90 

18.1 

40.8 

Sontheni  I*a<-ifir  welln 

270 

42 

2.13 

11.1 

Fort  HlisH  Military  Reser- 
vation   

.S15 

29 

l.»5 

10.5 

Kl  Pa.«o  and  Northea,»»tern 
at  Fort  BUhh 

250 
410 

46 

2.38 

11.3 

International  Water  Co 

260 

22 

1.48; 

7.25 

Samples    taken    near    Herino, 
N.  Mex.: 

Honieo  Ranch  Co.  No.  U... 

58 

126 

30.9 

45.8 

lloracn  Ranch  Co.  No.  1... 

75 

170 

54.2     1 

62.8 

Honu'o  Ranch  V<k  N<».  .'? 

«>2 

2as 

63.9     1 

59.5 

Samples  taken  near  \a{s  Cnices. 
N.  Mcx.: 

1 

(J.  II.  Tottcn 

«)2 

w 

19.6 

59.  8 

T.  Rnnalt 

4S 

76 

11.2 

47.3 

W.  X.  Hajrcr 

<>:; 

71 

13.8 

50.8 

A.  L.  Mines 

r>9 

4S 
^2 

78 
57 

10.8 
15.8    1 
7.5    1 
11.2 

47.5 

F.  C.  Barker 

58.  1 

Mrs.  K.  M.  Bover. 

38.6 

J .  C.  Cu rreni 

54.2 

Samples    taken    at    the    ^rorire 
near  I'l  Paso: 

River  water 

12S 

9.6 

55.8 

Station  No.  '2 

10 

169 

63 

95 

Do 

'J*J 

400 

137 

100 

Station   No.  'A 

2i» 

5S9 

213 

139 

Test  well  No.  1 

10 
42 
(50 
50 

187 
1,48S 
4,  6(K) 
2,  5(K) 

(>5.  7 
H45 
1,033 
1,040 

6:^.6 

Station  No,  A   

245. 0 

Do 

224 

Station  No.  r> 

224 
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>uriiig  nine  months  ending  August  25,  1904,  there  was  no  water  in 

•  river  channel  }>elow  El  Paso.     During  this  time  the  water  plane 

the  Porcher  well  No.  I  (an  unused  well  100  feet  from  the  well  of  the 

w  pumping  plant)  fell  a  total  distaiure  of  2  feet,  or  to  an  elevation 

3,627.44  above  mean  sea  level.     By  September  5,  liHJ4,  after  four 

ys'  rain  the  water  in  this  well  had  risen  0.15  foot.     The  record  of 

e  week  of  rain  is  given  in  the  table  below.     By  October  2  the  water 

ane  had  risen  0.37  foot  (to  3,627.81.  feet).     On  November  20,  1904, 

was  within  0.3  foot  of  the  elevation  before  the  2-foot  loss  noted 

ove,  and  was  still  rising  at  the  mte  of  about  one-fifth  inch  per  24 

mrs.     On  March  7,  1905,  the  water  in  the  well  had  reached  an  eleva- 

>n  of  3,630.79,  or  a  total  rise  of  3.35  feet  in  seven  months.     There 

IS  water  in  the  Rio  (Irande  during  all  of  this  period. 

These  observations  show  clearly  that  the  principal  source  of  the 

•ound  water  near  Smith's  and   Porcher's  ranches  is  seepage  from 

e  Rio  (irande.     A  heavy  flood  about  October  9  greatly  accelerated 

e  rate  of  rise  of  the  water  plane,  as  is  shown  by  fig.  6,  where  the 

langes  in  level  at  Porch(»r's  well  No.  1  are  represented  by  a  curve. 

tin  fall,  in  iiu-ht's,  at  Kl  Paaoy  Tex.,  SejHejnber  I  to  10,  1904,  os  reported  Ity  the  Uitited 
States  Weather  Jiureau, 


pteinl)or  1 0. 0 

pteinlKT  2 09 

ptenibt»r  3 51^ 

pteinber  4 62 

ptember  5 16 

ptember  6 61 


September  7. 0. 09 

September  8 Traw: 

September  9 Trace. 

September  10 0 


Total. 


2.10 


CHAPTER    III. 

KX^VMINATIOX    OF    CJROUND-WATEB    8UPPME8    IN    THE 
IkTEHIT^I^    VAIiLKY. 

Tho  valley  of  the  Rio  Grande  be^ns  to  broaden  north  of  the  narror* 
in  tho  iHM{rh)K)rhood  of  El  Paso,  Tex.  Near  La8  Cnices,  N.  Mex.,  thf 
level  bottom  lands  ai'e  alK)ut  5  mileH  wide^  and  irrigation  has  beet 
extensively  earrie<l  on  for  many  years.  Besides  the  city  of  Las  Cruce& 
there  are  situated  in  this  i>art  of  the  valley  the  villages  of  Mesilla  and 
Mesilla  Park,  l^tween  old  Fort  Selden,  north  of  Liis  Cnu-es.  and 
the  ix)st -offices  of  I^rino  and  Anthony,  about  12,000  acrres  are  under 
eultivation. 

Owin^  to  fre(|uent  shortage*  in  the  river  supply  of  water,  a  numt^^r 
of  pumpin^^  plants-  have  l>een  installed  for  the  purpose  of  obtaining 
ground  water  for  irri^tion.  One  of  the  first  wells  for  this  purpoe^e 
was  (hilled  hy  the  Aj.nieultural  College  at  Mesilla  Park.  At  this  placf 
a  coarse  water-bcMiring  gnivel  l>ed  alK)ut  12  feet  thick  was  found  ati 
d(»pth  of  H:i  fe(*t.  This  gravel  is  overlain  by  quicksand  and  adobe. 
Tlir  watiM-  K'vol  in  th(»  wells  stood  originally  16  feet  Inflow  the  surface 
of  the  ufround.  riiis  well  was  iis(k1  extensively  for  experimental  pur 
poses,  and  later  a  l2-ineh  well  was  jnit  down  to  the  same  depth  in  the 
nei^»'hi)orhoo(l  of  tluMMneh  well.  A  great  many  t^sts  of  diiferent  kind? 
of  pump-;  and  engines  were  made  at  these  wells,  and  a  careful  study  wa? 
made  of  the  cost  of  the  recovery  of  the  water, as  w^ell  as  of  the  amount 
of  land  in  various  kinds  of  erops  that  could  be  irrigated  with  the  wator 
lecovered.  A  I'eport  on  this  work  was  published  in  1908  by  ProfessoP 
Vernon  and  LestcM"  and  issued  as  a  bulletin  of  the  agricultunil  experi 
ment  station  at  Miv^illa  Park.  As  a  result  of  the  experini(mt.H  and  t-t 
th(*  pul>lished  reports  on  the  wells  at  the  agricultund  station,  a  nunil)i'i 
of  pvunping  plants  have  Imm'u  installed  during  the  present  season,  aini 
many  more  an»  likely  to  be  established  in  the  near  future.  For  tlwi 
reason  it  has  lu'come  important  to  have  ac(*urate  information  of  th^ 
soure(»  of  the  ground-water  supply  in  this  part  of  the  Rio  Gmmlt* 
Valley  and  to  determine  the  amount  available  for  such  use. 

A  reconnaissance  near  Las  C'ruces  and  Mesilla  Park  indicated  that 
there  is  probably  no  underflow  in  this  valley  in  the  true  sense  in  which 
that  term  i<  us(h1.  The  niinfall  upon  the  catchment  area  northeast  of 
the  valley  is  very  slight  and  the  run-otf  is  corres]X)ndingly  low.     It 
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\s  not  soom  p()8.sil)I(»  that  the  ground  waters  which  are  used  for  irri- 

ioii  could  originate  very  largely  in  the  rainfall  upon  the  iieighbor- 

r  niesii  and  the  foothills  and  upon  the  slopes  of  the  Organ  Mountains 


lotf'ao' 


.  8.— Map  showiiiK  lines  of  test  wells  nrifl  loratloti  nf  ptimplng  plants  near  Uxa  truces  and  MeMllla 

Park,  N.  Mcx. 

the  northeast.  These  mountains  are  very  precipitous,  and  furnish 
all  prol)a})ility  a  very  small  amount  of  run-off  to  the  ground  waters 
tlie  vallev. 
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direction  of  the  north-south  line  of  test  wells  averaged  4.64  feet  per 
mile  at  the  time  of  the  first  observation  on  September  19,  1904.  As 
.shown  on  the  lower  part  of  fig.  9  the  water  plane,  in  an  east-west  direc- 
tion, was  nearly  horizontal,  but  near  the  river  it  was  somewhat  higher 
than  at  the  east  end  of  the  line  of  test  wells,  although  the  surface  slopes 
gently  in  the  opposite  direction.  A  slight  elevation  in  this  section  is 
seen  at  station  3.'  On  an  average  the  water  plane  in  the  e^st-west  cross 
section  slopes  about  0.4  foot  per  mile  toward  the  east  end.  It  is  evi- 
dent from  these  cross  sections  that  the  ground  water  must  flow  in  the 
general  direction  of  the  river  valley.  The  direction  of  maximum  slope 
of  the  water  plane  is  shown  in  fig.  8  b}^  the  large  arrow.  This  arrow 
should,  therefore,  indicate  the  direction  of  flow  of  the  ground  water. 
The  gradient  of  the  water  plane  of  4.64  feet  per  mile  is  very  moderate, 
and  it  is  probable  that  the  real  vc^locity  of  the  ground  water  is  low. 
The  slight  elevation  at  station  3  indicates  that  at  this  point  the  ground 
water  comes  to  some  extent  from  the  north,  and  does  not  move  from 
east  to  west.  If  such  an  east-west  movement  took  place  the  motion 
would  be  uphill  for  the  entire  distance  from  station  1  to  station  3. 

SOURCE  OF  THE  UNDERFLOW. 

WTien  the  test  wells  were  sunk  it  was  expected  that  the  position  of 
the  water  plane  in  the  wells  would  be  observed  every  week  until  the 
time  of  high  water  in  the  Rio  Grande,  which  would  naturally  be  the 
spring  of  1905.  The  test  wells  were  sunk  in  cooperation  with  Prof. 
J.  D.  Tinsley,  of  the  Agricultuml  College  of  New  Mexico,  who  has 
made  weekly  observations  of  the  height  of  the  water  plane  in  them. 
On  October  5,  1904,  heavy  rains  in  the  Rocky  Mountains  produced  very 
disastrous  floods  in  the  Rio  Grande  and  in  nearly  all  the  rivers  head- 
ing in  the  Coloi^ado  Rocky  Mountains.  In  the  neighborhood  of  Las 
Cruces  the  maximum  elevation  of  the  river  was  higher  than  had  been 
observed  at  any  time  in  the  last  ten  years.  The  period  of  very  high 
water,  so  soon  after  the  completion  of  the  test  wells,  furnished  an 
excellent  opportunity  of  observing  the  effect  of  the  floods  in  the  Rio 
(xrande  upon  the  ground  waters  of  the  valley.  Instead,  therefore,  of 
waiting  for  the  spring  floods  of  1905,  it  became  possible  to  determine 
immediately  the  essential  facts  in  regard  to  the  effect  of  the  river 
upon  the  ground-water  level.  In  PI.  IV  the  ground-water  levels 
in  the  east-west  line  of  test  wells  are  given  for  each  month  from  Sep- 
tember 19  to  March  26.  The  first  observation  taken  on  October  1 
shows  that  the  water  had  risen  0.4  foot  vsince  Septem})er  19.  On 
October  9,  however,  the  water  at  station  8  was  1.6  feet  higher  than  on 
October  1.  This  was  due  to  the  flood  of  October  5.  The  flood  raised 
the  ground  water  at  station  8  about  0.7  of  a  foot  more  during  the  next 
week,  but  from  October  16  to  23  the  small  rise  of  0.1  of  a  foot  indi- 
cates that  by  Octol)er  23  the  ground- water  level  at  station  8  had  tem- 
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|H)nirily  rojichod  its  hi^hrst  ]M>siti()n.  Therefore,  as  a  result  of  tho 
fl<K)d,  the  ^nidieiit  of  the  water  plane  iininediaU^ly  adja<-ent  to  the 
river,  U'tweeii  stations  H  and  7,  inereaued  from  0.7  of  a  foot  per  mile 
to  2.1^  feet  |)er  inih\  The  direction  of  movement  of  the  water  in  the 
jrravel  was  therefore  undoubtiKlly  downstream,  even  during  timt*>of 
flood,  for  while  the  east- west  gradient  increased  to  2.8  feet  to  the  mile 
in  the  inunediate  neighlK>rhood  of  the  river,  the  original  downstnum 
gradient  of  4.(>4  feet  to  the  mile  was  not  materially  affected.  The  tef4 
wells  in  the  north-south  line  have  not  shown  a  departure  of  more  tliin 
0.1  of  a  foot  from  the  original  levels  on  Septeml)er  UK 

The  table  contiiins  the  observations  on  l)oth  sets  of  test  wells  until 
Mareh  26,  liHjr).  The  Rio  (irande  had  wat(»r  in  it  continuously  daring 
this  time.  In  high  stages  of  the  river  the  water  in  the  welfe  still 
further  ros(%  as  is  shown  by  the  table  and  fig.  8.  Tlie  total  riije  at 
station  s,  I(M*ated  0.4  mile  from  the  river,  was  substantiall3'^  5  feet. 
T1h»  effect  of  the  river  can  l>e  tmced  at  least  2  miles  from  its  ea^4 
bank.  The  rise  at  stations  1  and  2  during  Mareh,  1905,  took  place 
after  irrigation  had  lK»gun  and  is  largely  due  to  that  cause. 

Kli'vnt'unt  nj  (jraumi  initer,  in  fe*'t,  afufve  dattuHy*'  in  etni'iirtt  litif  of  teM  irelh  natr  Aft*/& 

Park,  y.  Mex. 

[Fet't  HlK»ve  datum.] 


I>Ht<'.                       N<».1.    '     No. 2.  No. 3.  No. 4.    '  No. 5.  No. 6.  No. 7.  Nok 

..       .        .                                                         _! .  .. ' 

SepteiiilKT  H» 2-J.  (M)  l>;i.  i):\  2;;.  4r>  28.  l^  22.  o7  TA.  14  23.  So  2:\.  V 

( )ct()U'r  1 22.  (il  2:;.  10  2.S.  A:\  2.S.  15  22.  So  23.  U*  23.  Ifi  24.2^ 

( )('tolHT  t» 22.  74  23.  21  23.  :>()  23.  lo  22.  So  2:^.  U»  23.  :^S  2r>.  v 

( K'toU-r  Ui 22.  77  23.  2:;  23.  4S  23.  13  '  22.  S6  23.  14  i  23.  o9  2H.  1* 

( )i'tohor  2:i 22.  77  2.3.  23  2:i.  4«>  23.  13  22.  8:5  23.  12  |  23.  73  2«.  i! 

()rtolw'r30 22.77  23.21  23.42  23.13  22.  S(>  |  23. 07  j  23.  SI  2t>.^ 

NnviMnlKT<) 22.74  23.  IS  23. 3ti  23.08  22.84  23.  (>8  ,  23.  iM  2H.:ih 

NovcmhiTin 22.77  23.20  23.  :'»»>  23.  ()9  22. 8(;  2.3.10  !  24.  (V>  2(i.:> 

NovrinlHT  20 22.  7«>  23.  Hi  2.3.  32  23.  IXi  22.  83  23. 11)  I  24.  13  2ti.  'M 

Nov(MnlHT27 22.77  2.;.  18  23.34  23.03  22.  Sii  23.11,24.18  2ti.4l 

IHhciiiImt  18 22.0ti  23.  OS  2:i.  27  23.  (K)  22.84  2.3.22  24.41  2<i.  n^ 

UH)o. 

January  lo 22.  o2  22.  i>»i  2:).  10  22.  81  22.  72  23.  2o  I  24.  51  2(t.  S.'^ 

February  5 '  22.  50  22.  'M\  2.3.  05  22.  79  22.  74  23.  48  24.  (W>  2<5.  7> 

FcO)niary  2<> '  22.  52  22.  '.♦<>  2.3.  01  22.  83  22.  89  23.  73  '  24.  83  27. 2t) 

Man  h  12 !  22.  98  23.  0<i  23.  01  22.  95  2.*..  01  23.  82  '  25.  10  28.  2^' 


March  2rt '  23.  1 2     23.  :U     23.  1 2     22.  9S     23.  04     23.  97      25.  37        28.  :^9 


«i  Datum  i»hinc  :J.^0(>  loi'l  alxivo  mean  .sva  level. 
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porarily  ivac-hed  it^  hij^hest  position.  Therefore,  as  a  re^sult  of  the 
flood,  the  gradient  of  the  water  plane  immediately  adjacent  to  the 
river,  hetween  stations  8  and  7,  increased  from  0.7  of  a  foot  per  mile 
to  2.3  feet  per  mile.  The  direction  of  movement  of  the  water  in  the 
gravel  was  therefore  undoubtedly  downstream,  even  during  times  of 
flood,  for  while  the  east-west  gradient  increased  to  2.3  feet  to  the  mile 
in  the  immediate  neighborhood  of  the  river,  the  original  downstream 
gradient  of  4.04  feet  to  the  mile  was  not  materially  aflfected.  The  test 
wells  in  the  north-south  line  have  not  shown  a  departure  of  more  than 
0. 1  of  a  foot  from  the  original  levels  on  September  19. 

The  table  contains  the  observations  on  lx)th  sets  of  test  wells  until 
March  26,  1905.  The  Rio  Grande  had  water  in  it  continuous!}-  daring 
this  time.  In  high  stages  of  the  river  the  water  in  the  well^  still 
further  rose,  as  is  shown  by  the  table  and  flg.  8.  The  total  rise  at 
station  8,  loc*ated  0.4  mile  from  the  river,  was  substantially  5  feet. 
The  effect  of  the  river  can  be  traced  at  least  2  miles  from  its  east 
bank.  The  rise  at  stations  1  and  2  during  March,  1905,  took  place 
after  irrigation  had  begun  and  is  largely  due  to  that  cause. 


Elevation  of  (jrouml  vdtrr,  in  feet y  ahove  datum.'t  in  eaM-west  line,  of  test  trelh  near  Memlla 

Park,  X.  Mex. 

[Feet  above  datum.] 


Date. 


No.l. 


No.  2.        No.  3. 


No.  4. 


-■| 


1904. 

Septenil)er  19 22.  (>() 

October  1 22.  61 

Ootol)er9 22.74 

Octol)er  1(> I  22.77 

October  23 '  22.77 

I 

<  )ctc>l>er  30 22.77 

Nc>veml)er  (> 22.  74 

Novoml)er  18 '  22.  77 

November  20 1  22.  7<) 

Noveinl)er27 1  22.77 

December  18 1  22.  H9 


23.  03 
23.  10 
23.  21 
23.  23 
23.  23 
23.  21 
23.  18 
23.  20 
23.  m 
23.18 
23.  08 


23.  4o 
23.  43 
23.  50 
23.  48 
23.  4(> 
23.  42 
23.  m 
23.  3<) 
23.  32 
23.  34 
23.  27 


1905. 
January  15... 
February  5 . . . 
February  2(>. . 
Manli  12.... 
March  26  ... . 


22.  96 
22.  9() 


22.  52 
22.  50 
22.  52     22.  96 

22.  98     23.  (Xj 

23.  12     23.34 


No.  6.    I    No.  6.    '    No.  7.    f    No.  8. 


23.19  ,  22.57 


23.  15 
23.  15 
23.  13 
23.  13 
23.  13 
23.  08 
23.  09 
23.  06 
23.  03 
23.  00 


23.10  22.81 

23.  05  22.  79 

23.  01  22.  83 

23.01  22.95 

23.12  22.98 


22.  a5 
22.  85 
22.86 
22.  83 
22.  86  1 
22.84 
22.  8(> 
22.  83 
22.  83 
22.  84 

22.  72 
22.  74 

22.  89 
23.01 

23.  04 


23. 14 

23.85 

23. 19 

23.16 

23. 19 

23.38 

23. 14 

23. 59 

23. 12 

23.  73 

23. 07 

23.  81 

23.  08 

23.  94 

23,  10 

24. 05 

23. 10 

24. 13 

23.11 

24.18 

23.  22 

24.41 

23.  25     24.  51 
23.  48     24.  r>6 


23.  73 
23.  82 
23. 97 


24.  8:^ 
25.10 

25.  37 


23.85 
24.  25 
25.85 
26. 18 
26.  22 
26.  28 
26.36 
26.  ,38 
26. :« 
26.  42 
26.  59 

26.  85 
26.  78 
27.20 
28.  20 
28.  59 


a  Datum  plane  3.800  feet  above  mean  sea  level. 
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'ration  of  ground  iniU'r,  in  feel,  a/nnr  diUnm, »  in  north-miUh  line  o/  lent  irelh  near 

Mesilia  Parky  N,  Mex. 

[Feet  above  datum.] 


Date. 

1904. 

»ptember  20  . . . 

ctober  1 

ctol)er9 

»ctober  16 

)ctober28 

)ctober30 

November  6 

!Joveniber  13  ... 

S^oveinber  20 

November  27  . . . 
December  18 


No.  10. 


1905. 

Jamiary  15 

February  5 

February  26 

March  12 

March  2« 


27.54 
27.56 
27.68 
27.56 
27.52 
27.40 
27.46 
27.44 
27.43 
27.40 
27.40 

27.25 
27.29 
27.46 
27.59 
27.59 


No.  11. 


25.14 
25.12 
25.11 
25.14 
25.12 
25.04 
25.07 
25.06 
25.03 
25.03 
25.03 


No.  12. 


20.75 
20.65 
20.71 
20.71 
20.70 
20.63 
20.65 
20.64 
20.63 


No.  18. 


18.07 
18.08 
18.16 
18.18 
18.16 
18.08 
18.11 
18.11 
18.10 


No.  14. 


I 


14.96 
14.94 
15.01 
15.07 
15.09 
15.04 
15.11 
15.14 
15. 16 


20.64 


18.14 


24.89 

20.54 

18.05 

24.91 

20.54 

18.18 

25.07 

20.68 

18.50 

25.16 

20.83 

18.59 

25.19 

20.84 

18.58 

15.29 

15.25 
15.29 
15.46 
15.59 
15.65 


a  Datum  plane  8.800  feet  above  mean  tea  level. 

The  observations  of  the  test  wells  show  that  the  ground  waters  in  the 
Mesilla  Valley  originate  in  the  flood  waters  of  the  river.  During  times 
of  low  water  the  river  bed  is  so  thoroughly  covered  with  mud  that 
probably  only  a  small  amount  of  water  escapes  in  the  sand  and  gravels 
of  the  valley.  During  the  period  of  flood,  when  the  scour  is  deep,  the 
contributions,  of  the  river  to  the  underflow  reach  a  maximum,  as  at 
that  time  the  greatest  amount  of  water  is  available  for  this  purpose. 

The  observations  of  the  ground-water  level  indicate  also  that  a  small 
lx)rtion  of  the  underflo.w  reaches  the  river  valley  from  the  mesa  and 
foothills  to  the  north  and  east  of  Las  Cruces.  The  changes  in  the  east- 
west  line  of  water  levels  reached  a  maximum  at  the  west  end  at  station 
8,  with  a  secondary  maximum  at  the  east  end  at  station  1.  The  high 
floods  in  the  river  were  accompanied  by  rainfall  on  the  mountains  and 
mesa  to  the  north  and  east  of  Las  Cruces,  and  a  sufficient  amount  of 
water  penetrated  the  ground  to  cause  the  elevation  of  the  water  plane 
shown  at  the  eastern  end  of  the  diagram.  It  will  be  observed  that  the 
total  change  in  elevation  at  stations  1  and  2  was  0.2  of  a  foot.  This 
change  took  place  almost  simultaneously  with  the  rise  at  station  8. 
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Nevertli<^l(\ss,  a  slij^ht  indication  of  a  laj(  in  the  rise  of  stations  1  and  ^ 
can  hc»  ohs<M*vod  from  tho  diaj^niin.  The  table  on  p.  26  ^ivos  the  c»lc- 
vation  of  the  water  in  the  test  \v<»lls  as  ohservc^d  by  Professor  Tinslev 
between  Septenil)er  11),  11M)4,  and  March  2(),  11M)5. 

INDICATIONS  OF  THE  AMOUNT  OF  GROUND  WATER  AVAILABLE. 

The  following  table  gives  the  rate  at  which  water  was  contributed  to 
the  underflow  at  Mesilla  Park  by  the  river,  and  also  by  the  rainfall  on 
the  foothills  and  mountains  northeast  of  the  river  valle}- .  The  total 
amount  contributed  by  the  river  during  the  thirty-three  days  com- 
prised in  the  period  of  oljservation  was  S,900,(K;K)  cubic  feet  €i£r;||¥ater 
for  each  linear  mile  of  the  river  valley.  Of  this  amount  S+lJIOjJUO 
cubic  feet,  or  more  than  half,  was  contributed  in  eight  days,  batween 
October  I  and  9,  which  include  the  Hood  l)eginning  October  5.  In 
coliunn  4  of  the  table  is  given  the  rate  at  which  I  linear  mile  of  the 
river  channel  furnished  water  to  the  underflow,  expressed  as  a  contin- 
uous flow  in  cubic  feet  of  water  per  second.  These  same  facts  are 
expressed  in  gallons  jx^r  minuti*  in  column  5.  The  average  rate  of 
^contribution  for  the  33-dav  period  was  8.08  cubic  feet  per  second,  or 
1,3()0  gjiUons  a  minute.  If  a  plant  ^vhich  pumped  continuously  1,360 
gallons  a  minute  was  installed  for  each  mile  of  the  river  valley,  all 
the  water  contrilmted  by  the  river  would  be  pumped,  and  the  level 
of  the  ground  water  at  the  end  of  the  period  would  he  the  same  hs 
at  the  l)eginning.  Any  greater  mte  of  pumping  would  have  a  tend- 
ency to  lower  the  water  plane  below  its  initial  value  and  make  a  draft 
upon  the  permanent  supply  stored  in  the  gmvels. 

In  columns  ♦>,  7,  and  s  is  giv(Mi  the  amount  contrilmted  to  tho 
underflow  l)y  the  rainfall  upon  the*  mesa,  northeast  of  the  valley. 
The  total  amount  contribut<»d  duriiit,^  the  thirty-three  days  covered  by 
the  table  was  l,r)lT,0(»o  cubic  feet  of  water  per  mile  of  valley — an 
av(»nige  flow  of  0.515  cubic  foot  jhm*  second,  or  28:^  gallons  a  minute. 
During  the  last  week  covered  by  the  tui)le  the  gravels  near  the  eastern 
edge  of  the  vall(\v  lost  wat(»r  instead  of  gaining,  and  the  entries  in  the 
tiible  for  this  pt^riod  are  negativt*.  A  well  piunp  drawing  :i32  gallons 
of  water  per  minute,  if  opciated  continuously  (Uiringthe  88-day  per io<l, 
w^(mld  just  consume  tli(»  seepag<»  fioni  th(^  rainfall  contributed  l)y  1 
linear  mile  of  the  vallev. 
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A  mount  of  vxtler  coiUrifmtion  to  the  underflow  of  the  Rio  Grande  near  Mesilln  Parky 
N.  yfex.,  between  September  20  and  OHol>er  2S,  1904. 


Amount  of  KFouiid  water  contrib- 
Amount  of  ground  water  contrib-        uted  by  rainfall  upon  mesa  east 


uted  by  each  mile  of  the  river. 


of  the  valley  per  mile  of  river 
valley. 


Dates. 


\<)  of    ^'"**><'  ^^^^  <^'  Cubic  feet    Gallons     Cubic  feet  of  Cubic  feel.   Gallons 
davs      ^*'al«r  P*^"^  '-*      Pe'  s^'-      Per  min-     water  per  24     per  sec-  |       per 


hours. 


onrt. 


hours. 


ond. 


Septemijer  20  to 

October  1 '  11  110,500 

October  1  to  9«. .  8  i      640, 000 

October  9  to  1 6. .  7  248, 000 

October  1 6  to  28 .  7  117, 200 

Total 33    «'8,900,000 

Average  per  day 270, 000 


1.28 

575 

7.40 

3, 330 

2.87 

1,290 

1.36 

745 

— 

3.  03 

1,360 

40, 500  0. 47 

152,000  1.76 

29, 900  .  35 

5,950  -  .069 


minute. 

211 

794 

155 

31 


H,  517, 000    . 
45,800  I 


.  515 


232 


a  Heavy  flood  on  October  5.  1904. 

''Total  amount  contributed  for  each  mile  of  the  valley  in  thirty-three  days.  Converting  cubic  feet 
into  acre- feet  we  fin<i  that  the  river  lost  204  acre-feet  of  water  to  the  gravels  of  the  underflow  in 
\hirty-three  days,  and  34.8  acre-feet  were  contributed  by  the  rainfall  in  the  same  period.  These 
amounts  are  for  each  mile  of  the  valley. 


NECESSITY  FOR  DEEP  WELLS. 

The  examination  of  the  underflow  of  the  Mesilla  Valley  was  con- 
fined exclusively  to  the  zone  of  ground  waters,  in  which  are  all  of  the 
irrigation  wells  of  the  valley.  These  wells  have  a  depth  of  from  48 
to  03  feet,  and  contain  no  more  than  12  linear  feet  of  strainer  at  the 
l)ottom.  In  some  cases  (juicksand  or  silt  was  encountered  at  the  l>ot- 
tom  of  the  water-be^iring  gravels,  but  in  other  cases  the  drill  was 
stopped  while  still  in  good  material.  There  are  no  deep  wells  in  the 
valley,  but  there  is  no  indication  that  good  gravels  will  not  be  met  with 
at  greater  depths  than  those  known  at  present.  There  seems  to  be  a 
reasonable  expectation  of  increasing  enormously  the  specific  capacities 
of  the  wells,  and  consecjuently  the  amount  of  ground  water  available 
for  irrigation  })y  drilling  wells  to  greater  depths.  There  is  great  need 
of  an  experimental  well  several  hundred  feet  in  depth  that  will  test 
satisfactorily  the  ultimate  possibilities  of  ground-water  supply. 


CHAPTER  IV. 

NUMMARY  OP  TE8T8  OF  Pl^MPING  PLANTS  IN  SOUTHERN 
NEW  MEXICO  AND  TRAN8-PEC08  TEXAS. 

The  table  on  pp.  34-35  shows  the  results  of  tests  of  a  number  of 
mumping  plants  used  for  irrigation  in  the  valley  of  the  Rio  Grande  in 
(outhern  New  Mexico  and  trans-Pecos  Texas.  Most  of  the  headings 
n  the  table  explain  themselves.  Under  the  heading  "  Location  "  is 
riven  the  post-office  nearest  to  the  ranch  on  which  the  pumping 
)lant  is  located.  The  first  three  pumping  plants,  those  of  Felix  Mar- 
iinez,  W.  N.  French,  and  E.  J.  Hadlock,  are  located  about  3  miles 
?a8t  of  El  Paso,  Tex.  The  plants  of  J.  A.  Smith  and  J.  S.  Porcher 
ire  situated  in  the  valley  of  the  Rio  (rmnde  about  8  miles  east  of  El 
Paso,  Tex.  The  plants  of  Barker,  Bo3'er,  Burke,  Carrera,  Hager, 
^ines,  Roualt,  Totten,  and  the  Agricultural  College  are  located  in  the 
"alley  of  the  Rio  Grande  in  the  neighborhood  of  Las  Cruces,  N.  Mex. 
The  pumping  plants  of  the  Horaco  Ranch  Company  are  located  near 
;he  post-office  of  Berino,  N.  Mex.,  which  is  situated  24  miles  north  of 
SI  Paso  and  17  miles  south  of  Las  Cruces. 

The  fuel  used  in  most  of  these  pumping  plants  is  gasoline,  which 
«rm  as  here  used  includes  the  "distillate'"  manufactured  from  Texas 
Tude  oil,  which  is  extensively  used  for  fuel  purposes.  Its  calorific 
'alue  is  somewhat  less  than  that  of  the  gasoline  used  in  the  Eastern 
States. 

DETERMINATION  OF  VACUUM. 

In  all  of  the  plants,  except  the  one  of  E.  J.  Hadlock,  water  is  raised 
)y  means  of  centrifugal  pumps,  which  are  usual  1}^  coupled  directly  to 
he  top  of  the  well  casings.  In  order  to  determine  the  suction  of  the 
>umps  it  was  necessary  to  drill  a  hole  in  the  goose  neck  of  the  cen- 
rifugal  pumps  and  insert  the  vacuum  gage.  The  measurements  to 
letenuine  the  distance  the  pumps  were  obliged  to  lift  the  water  were 
nade  from  this  vacuum-gage  tap  as  datum  in  all  easels.  In  colunui  6 
s  given  the  distance  the  pump  is  required  to  lift  the  water  above  the 
'acuum-gage  tap.  In  column  7  the  vacuum  reading  is  given  in  feet 
)f  water.  The  total  lift  of  th(»  pump  can,  then^fore,  be  found  in  each 
rase  by  adding  the  corresi)onding  numbers  in  columns  6  and  7.  In 
tolumn  8  is  given  the  distance  that  the  water  in  the  well  is  lowered 
luring  pumping.     If  the  vacuum  gage  had  been  placed  at  the  exact 
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season.  This  corresponds  to  a  continuous  use  of  three  months  of 
twenty-four  hours  dail}',  or  two  hundred  days  of  ten  hours  each.  It 
probably  represents  a  fair  average  of  the  actual  conditions. 

In  column  15  there  is  given  a  charge  for  labor  and  such  other  inci- 
dental expense — including  oil  and  batteries — as  is  not  properly  included 
under  the  head  of  depreciation.  The  operation  of  the  gasoline  plants 
can  be  easily  put  in  charge  of  unskilled  labor,  and  for  the  smaller 
plants  full  time  is  not  required  of  such  labor. 

FUEL  COST. 

That  part  of  the  operating  expenses  which  is  properly  chargeable 
to  fuel  cost  can  })e  accurately  determined.  Column  16  expresses  the 
cost  for  fuel  per  hour.  Column  18  expresses  the  cost  per  acre-foot  of 
water  recovered.  In  column  17  are  given  the  costs  of  fuel  for  lifting 
1,000  gallons  of  water  through  a  distance  of  1  foot.  For  the  purpose 
of  comparison  these  results  are  expressed  in  fractional  parts  of  a  cent. 

In  column  5  is  given  the  price  of  fuel.  The  price  of  gasoline  is  given 
in  cents  per  gallon  in  barrel  lots.  The  price  of  electricity-  is  given  in 
cents  per  kilowatt  hour.  Cost  of  wood  at  the  ranch  of  T.  Koualt  is 
that  of  Cottonwood  per  cord.  The  price  of  wood  at  the  Agricultural 
College  of  J2.25  per  cord  is  the  rate  for  small  Tornillo  wood,  which 
has  a  higher  calorific  value  than  the  cottonwood  used  by  Roualt. 

IKR  141—05 3 
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COMMENTS  ON  THE  RIO  GRANDB   PUMPING  PLANTS 

Tilt-  pniii|)in«r  \y\\\ui^  of  Miirtinoz,  Fronrli,  IIadl«Mk.  >mv. 
\\*Vi'\\vv  \ivr  :ill  lonil<Hl  ill  tlip  )H)ttoin  laiitls  of  tho  Kio  (iramk:":' 
to  ^  inil(*>  t*:i^l  of  Kl  Psiso,  Tox.  C'oliiiiin  12  of  tho  tiiW  4iow* 
till'  siMM'ilif  tapjicity  ]km*  stjuan*  foot  of  wvU  st  minor  is  in^arly  tli«  s 
at  tlir  plants  «»r  Maiiiii(»z,  Fiviu-h,  Smith  No.  :^,  and  Porchor.  ran; 
fn)m  ht'twiMMi  I.lM  pilloiw  a  niiimto  at  Martinoz's  well  io  iXt  :i 
at  Frt'iu'lTs  wrll.  Thrse  niiinlHM's.  it  sliould  br  ivinoiiik'n'd.  :- 
>riit  tilt*  ainoimt  of  wat(»r  furnisJHMl  l)y  oarli  s<|uai-e  f<x>t  of  wolUtr 
(or  1  foot  h«*a<l  t>f  wator,  and  rxpivss,  therefore,  tlicde«rre«M»f  a»arv 
of  tlu'  mat<  rial  in  which  the  stniiner  is  jihiood.  provi<ltMl,  of  roiir^, 
the  wril  ^trainer>thein>elves  offer  little  or  no  resistance  tothea«lni". 
.)f  watei-  to  the  wt^ll.  The  speeifie  ea|>aeity  persijuare  foot  i)f  <tn 
at  the  Smith  plant  No.  1  and  at  the  Iladloek  plant  is  nmeh  sn 
than  at  the  others.  In  tlie  ease  of  the  Iladloek  well,  the  low -p 
eapaeity  i**  no  ilouht  due  to  the  faet  that  three  of  the  HadNxk 
t»l»tMin  water  fn»in  ahovt^  a  clay  whii'h  overlies  the  sand  and  «'ravt'l 
whith  tln'  fourth  well  an<l  the  neiirhlH)rin<i^\vell.sof  Martinez  aii'i  Fi 
draw  their  supply.  Furthermore.  tla»  strainers  on  the  three  lla^ 
wi'lN  eon>i**(  of  notliinjx  hut  eonunim  piix*  iH»rforated  with  nnnul  1 
This  poor  form  t>f  strainer  is  sufiieient  in  itself  to  eut  down 
mattrially  tla^  specitie  eapaeity  of  the  wells. 

The  low  spccilii-  <apaeity  at  Smith's  ])lant  No.  1  is  prolmhl 
ehii^tly  to  a  local  di'piwit  of  tine-sized  wat(M*-lH»arin^  sand.  Then* 
eoNi'rintx  layer  of  elay  over  the  water-lH»aring  .sands  and  i^i>iv 
the^e  welU.  Thr  sjinds <-ontaiu  m)  little  eoarse  material  that  tiii*^ 
i-  r<ni-i;mtly  hriipj-  tlrawn  into  tin'  wcIN  hy  the  piMn])s.  Tlii>dr:i 
(lir  -:m»l  tlr|)o>.ii  :it  tli«'  «':is(rrnnio>.|  of  the  three  wells  at  Srnith'> 
No.  1  jv  -^o  ^^irjit  thai  ^r\eral  waiion  loads  of  <^ra\(»l  lunc  Im'(mi  y 
in  ihr  i)ii  nl"  tlir  ca-l  well  Id  n'placr  I  he  sand  nMnov(Hl  f)\   the  pi 

Thr   irst>.  of  thr  ".•  wt^lU  in    Kio  ( irande  Valley    near    I^u^  d 
N.  Mr\..  t'oiin  an  iiilire^tinj^-  study.     Tin*  relative  locations  of 
*.♦  welK  are  sliown  in  tii:-.  "^^      1  hi'  rank  <>f  these*  wc^lls  in  orch'r  of  si 
<'apa<'ities  pei-  square  t'oot  of  uell  strainer  is  as  follows: 


('arm. I  .... 
\uri«nlHH:il  ( "«'ll<-_" 

Mr<.  r.MNM- 

Hint-  .\ 

IJurkr 

HniTiT 

Tntti'li 

Konalt   

HarkiT... 
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The  first  three  of  these  wells  are  located  near  the  eastern  edge  of 
the  river  valley,  and  their  high  specific  capacity  is  undoubtedly  due 
to  coarse  mountain  debris  that  has  been  deix)sited  along  the  eroded 
edge  of  the  mesa.  The  high  specific  capacity  at  Hines^s  plant  seems  to 
l>e  an  exception  to  the  general  lower  average  prevailing  in  the  inter- 
mediate district  between  the  ])order  of  the  mesa  and  the  river  channel, 
as  at  the  plants  of  I  lager,  Totten,  Burke,  and  Barker.  The  low  spe- 
cific capacity  of  the  Barker  well  is  due  in  part  to  it«  small  diameter, 
and  it  is  to  be  classed,  therefore,  with  the  Burke,  Totten,  and  Hager 
wells  rather  than  with  the  Koualt  well.  This  last  well  is  close  to  the 
river  channel.  Its  low  specific  capacity  is  an  indication  of  the  pro- 
gressive fineness  of  the  deposits  as  the  river  is  approached. 

The  si)ecific  aipacities  should  i)e  considered  exceptionally  high  in 
the  first  wells  in  the  above  list,  rather  than  exceptionally  low  in  the 
others.  Even  the  specific  capacity  of  the  Roualt  well — over  one-third 
of  a  gallon  a  minute  per  square  foot  of  well  strainer — would  be 
regarded  as  high  in  many  parts  of  the  country. 

The  specific  capacity  of  the  three  wells  on  the  Horaco  ranch  near 
Berino,  N.  Mex. ,  presentan  interesting  study.  These  plantsare  located 
but  a  few  hundred  feet  apart  and  are  identical  in  all  respects  except  in 
the  depth  of  the  wells.  Nos.  2  and  3  are  9|  inches  in  diameter,  and  No.  1 
is*7|  inches  in  diameter.  Each  has  18  linear  feet  of  w^ell  strainer  at 
the  bottom,  formed  by  drilling  l^-inch  holes  in  the  (casing  and  wrap- 
ping the  casing  with  No.  9  galvanized  iron  wire,  leaving  one-eighth 
inch  space  between.  The  enormous  difference  in  the  specific  capaci- 
ties of  these  wells  is  entirely  due  to  the  fact  that  No.  1  is  75  feet  deep, 
No.  2  is  53  feet  deep,  and  No.  3  is  62  feet  deep.  The  small  expense 
necessary  to  sink  well  No.  2  from  a  depth  of  53  feet  to  a  depth  of  75 
feet  should  change  the  cost  of  the  water  recovered  from  $10.90  per 
acre-foot  to  $2.21  per  acre-foot. 

Most  of  the  pumping  plants  near  Las  Cruces  have  been  very  recently 
constructed,  and  changes  wmII  undoubtedly  be  made  in  man}^  of  them 
as  the  result  of  the  experience  of  the  present  irrigjition  season.  The 
wells  at  the  Agricultural  College  w^ere  the  first  ones  sunk  in  this  part 
of  the  valley,  and  an  excellent  report  on  the  tests  of  these  wells,  by 
Professors  Vernon  and  Lester,  was  issued  in  April,  1903.  The  very 
high  specific  capacity  of  the  college  wells  has  influenced  the  construction 
of  the  other  plants.  With  a  few  exceptions,  it  may  be  said  that  at  the 
pumping  plants  in  Mesilla  Valley  the  engines  and  pumps  are  entirely 
too  large  for  the  wells,  or  the  wells  are  too  small  for  the  pumps  and 
engines.  B\  comparing  the  high  lifts  recorded  in  column  nine  of  the 
table  with  the  amount  of  lowering  of  the  water  in  the  well,  which  is 
recorded  in  column  eight,  it  will  be  seen  that  the  lift  of  many  of  the 
plants  can  be  considerably  derreased  by  increasing  the  amount  of 
strainer  surface  in  the  wells.     In  most  cases  this  will  make  necessary 


38 


(mOlTND    WATERS    OF    RIO   GRANDE    VALLEY. 


[NO.  Hi, 


the  sinking  of  additional  wells,  as  the  strainer  surfac^e  can  not  h' 
otlierwise  sufficiently  increased.  The  necessity  of  keeping'  the  lift  uf 
the  i)uinp  down  to  a  niininuini  is  greatl}^  emphasized  in  irrigsitioii 
plants,  and  large  strainer  surface  is  the  first  requisite. 

The  efficiency  of  the  smaller  plants  can  also  l>e  increased  hy  the 
construction  of  stomge  reservoirs  or  ponds  for  the  accuiiiulatioii  of 
wjit<M-  before  it  is  used  for  irrigation.  In  this  way  the  duty  of  the 
water  <*an  }>e  considem]>ly  increiised.  Barker's  plant  is  the  only  oiu* 
having  such  res(»rvoirs.  For  plants  that  ^Meld  over  a  second-foot  <»f 
water  the  reservoii*  is  undoubtedly  of  little  additional  value. 

The  investigation  showed  that  generally  the  speed  of  the  centrifu<^l 
pumps  had  not  been  properly  adjusted,  and  in  nearly  all  (*a.sc8  was  tix) 
high.  This  was  undoubtedly  d\w  to  the  fact  that  the  vacuum  had 
never  becMi  determined,  so  that  the  total  lift  of  the  ])uiups  WiL"* 
unknown.     A  table  of  observed  and  of  cx)rrect  speeds  follows: 

Sizes  and  speeds  (in  rei-olution-s  per  minute)  of  centrifugal  pumps  wied  in  the  Rio  Gramk 

pumping  plants. 


Xamo  of  plant. 


Kind  of  pump. 


I 


Actual  Corrvcl 

8pc«<l-  sj»eed. 


585 


Martinez |  Byron  Jackson  No.  5 1 ,  028 

Fn'ncli Byron  Jackson  No.  4 '  9:^ 

Sniitli  No.  1 F'airbankn  Morse  No.  8 

Sniitli  No.  2 Byron  Jackfion  No.  7 

Porclicr Byron  Jackson  No.  5 ]  712 

l»ark('r Byron  Jackson  No.  :i ,  1,  1 10 

Mrs.  Boycr Byron  Jackson  No.  r> ;  7.>0 

P>urkc Byron  Jackson  No.  6 7,'i,S 

Carre ra Byron  Jackson  No.  5 j  560  ' 

Ila^cr do i  6(>8  i 

nines Rnniscy  No.  4 i  594 

Roualt Van  Wic  No.  .S '  525 

Totten lU'ron  Jackson  No.  <) ,  ()92 

I  loracn  No.  1 Byron  Jackson  No.  5 {\\ih  \ 

Iloracn  No.  2 do '  7(X) 

lloraco  No.  .*> do (592 


S9H 


592 

«2^ 
1.244 

5S'» 
527 


51 S 
(i24 


CHAPTKK   V. 

DKTAITjS   of  T15ST8  OF  I'UMPIXCJ   PLANTS. 

The  following  pages  coiitiiin  detailed  accounts  with  diagmiiis  of  the 
various  ])uiuping  plants  discussed  in  general  terms  in  tht*  preceding 
chapter  of  this  re[)ort.  The  location  of  the  various  plants  is  marked 
in  tigs.  4  and  S. 

PLANTS  NEAR  EL  PASO,  TEX. 
PLANT   OF   K.  J.   HADLOCK. 

The  plant  of  E.  J.  Iladlock  is  located  near  the  main  country-  road 
near  El  Paso,  Tex.,  a})out  4(M)  feet  east  of  the  pumping  plant  of  Eelix 
Martinez.  Water  is  pumped  ))\'  a  5i-horsepower  horizontal  Otto  gas- 
oline engine  geared  to  a  hoiizontal  double-acting  i)iston  pump.  The 
wells  consist  of  four  4-inch  wells,  arranged  as  shown  in  tigs.  11  and  li^. 
Three  of  the  wells,  Nos.  1,  9,  nnd  ■»  in  fig.  10,  draw^  surface  wat<»r  from 
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FiQ.  11.— Plan  showing  arnuiKoinein  of  wolls  at  Iladlotrk'i;  pumping  plant. 

above  a  clay  stmtum.  The  fourth  Avell,  which  :s  54.35  feet  deep  and 
IKMietmtes  the  surface  water  and  clay,  obtjiins  very  go(Kl  water  from 
a  deposit  of  sand  and  gmvel  K)elow  th(»  clay. 

Wells  Nos.  1,  2,  and  3  are  about  30  feet  deep.  Each  of  these  has  6 
feet  of  perforated  iron  pipe  on  the  bottom,  while  well  No.  4  has  a 
6-foot  strainer  constiucted  of  perforated  galvanized  iron.  During  the 
test  the  engine  made  210  revolutions  and  SI  exi)losions  per  minute. 
The  pump  made  G9  strokt^s  per  minute.  The  vacuum  gage  attached 
to  the  suction  pipe  fluctuated  V(u\v  enatically,  showing  that  the  puiu^^ 

39 


sLicHTER]  TESTS    OF    PUMPING    PLANTS.  41 

months.  The  quantity  of  gasoline  used  was  determined  from  tlie 
amount  required  to  fill  the  tank  to  standard  depth  after  one  hour's 
run.  As  2.1  quarts  of  gasoline  were  consunied  per  hour,  the  hourly 
cost  for  fuel,  with  gasoline  at  14  cent«  per  gallon,  is  $().0785.  The 
yield  of  water  in  one  hour  was  15,500  gallons,  so  that  the  fuel  cost 
was  $0.00475  per  1,000  gallons,  $1.58  per  acre-foot,  and  $0.000171,  or 
one  fifty-eighth  of  a  cent  per  1,000  foot-gallons  (1,000  gallons  raised 
one  foot). 

PLANT   OF    W.   N.   FRKNCIL 

At  the  pumping  plant  of  W.  N.  French  (see  fig.  13)  water  is  obtained 
from  an  8-inch  well,  Oij  feet  deep,  which  has  a  T-inch  b}'  S-foot  per- 
forated galvanized  iron  strainer  at  the  ])ottom.  The  water  is  raised 
by  a  No.  4  Byron  Jackson  horizontal -shaft  centiifugal  pump  driven 
by  a  10-horsepower  Charter  gjusoline  engine.  The  engine  made  189 
revolutions  and  95  explosions  a  minute,  no  explosions  being  missed. 
The  diameter  of  the  driven  pulley  on  the  pump  was  0  inclies;  that  of  the 
driving  pulley  on  the  engine  was  30  inches.  The  speed  of  the  pump 
was  938  revolutions  a  minute.  The  top  of  flange  on  the  well  casing  is 
12.65  feet  below  the  top  of  the  5-inch  discharge  pipe,  which  rises  from 
the  pump  at  an  angle  of  45^.  Before  pumping,  the  water  stood  4.7 
feet  below  top  of  flange  on  the  well  casing.  After  one-half  hour's 
pumping  it  was  18.05  feet  below  top  of  flange,  showing  that  it  was 
lowered  13.35  feet  by  pumping.  The  lift  of  the  pump  above  the  top 
flange  of  the  well  was  12.65  feet,  making  a  total  lift  of  30.70  feet.  The 
elevation  of  the  water  plane  in  the  French  well  on  August  29,  1904, 
w^as  3,642.969  feet;  on  September  8,  after  several  days  of  rain,  it  was 
3,643.07  feet.  Between  August  29  and  September  8  it  rained  every 
day,  and  the  neighboring  pumping  plant  of  Mr.  Hadlock  had  not  been 
in  use.  The  elevation  of  the  top  of  the  delivery  pipe  at  the  French  well 
was  3,658.884  feet. 

The  discharge  was  measured  ]M)th  hy  integrating  with  a  Price 
acoustic  current  meter  in  a  rectangular  flume  and  by  means  of  a  fully 
contracted  weir  placed  in  the  main  ditch  not  far  from  the  pumping 
plant.  The  cross  section  selected  for  the  meter  measurement  had  an 
average  depth  of  0.857  foot,  an  average  width  of  0.885  foot,  and  an 
area  of  0.76  square  foot.  The  average  velocity  of  the  water  was  0.82 
foot  per  second,  giving  a  discharge  of  0.596  second-foot,  or  269  gal- 
lons, per  minute. 

The  same  discharge  was  also  measured  by  a  fully  contracted  weir. 
The  length  of  the  crest  was  1.01  feet  and  the  height  of  the  water  on 
the  crest  was  0.30  foot.  The  velocity  of  approach  was  about  one- 
half  foot  per  second.     Using  the  weir  formula, 
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and  sulKstituting  the  coefficient  0.608  for  the  number  r  in  the  formubi 
(Tahle  28,  Merriman's  Hydraulics,  1903)  we  obtain, 

r/=0.608  X  J  X  8.025  X  1.01  (3.06)'/« 
=0.556  fle<H)nd-foot 
=250  gallonn  per  minute. 


£/ey.  3658.884' 


fO  n  ^^softnc  engine 


7k^^lBf^£f€9Stf^  _i    _ 
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Fui.  13.— Diagram  of  i)HinpiiiK  pluiit  of  W.  N.  Froiirh.  near  El  Paso.  Tex. 

The  dischiir^'e  as  dctorniined  by  the  current  meter  has  been  used  in 
the  following  estimates: 
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Tin*  specific  capacity  of  the  well  is  20.2  gallons  a  minute.  As  the 
stniiner  has  an  area  of  14.7  square  feet,  the  specific  capacity  for  each 
square  foot  of  strainer  is  1.375  gallons  per  minute. 

In  the  French  t«st  8  gallons  of  gasoline  were  used  in  ten  hours. 
With  gasoline  at  14  cents  per  giillon  the  cost  of  fuel  is  11.2  cent«  per 
hour.  As  1<),  150  gallons  of  wati^r  were  obtained  in  one  hour  the  fuel 
cost  i)er  l,(MK)  gallons  wjts  *0.(M)695,  or  $2.26  per  acre-foot.  The  total 
lift  being  30.7  feet  the  cost  per  1,(HM)  foot-gallons  was  iW).(M)0226,  or 
one  forty -fourth  of  a  cent. 

PLANT   OF   FELLX    MARTINEZ. 

The  plant  of  Felix  Martinez  is  hwated  about  3  miles  east  of  the 
court  house  of  El  Paso,  Tex.,  near  the  main  country  road  (see  tig.  4). 
It  consists  of  a  No.  5  Byron  Jackson  horizontal-shaft  centrifugal 
pump  run  l)y  (xeneral  Electric  10-horsepower  direct-current  motor, 
type  C.  E.,  class  4.  The  pump  is  located  in  a  pit  and  is  connected  to  a 
6-inch  well.  The  well  is  08  feet  deep  and  has  10  feet  of  perforated  or 
slotted  galvanized  iron  strainer  at  the  bottom.  The  gravels,  which 
were  reached  at  a  depth  of  50  feet  are  fairly  large,  but  contain  a  great 
(juantity  of  fine  sand.  The  pump  is  connected  with  the  well  by  a  5-inch 
suction  pipe  and  discharges  through  a  veitical  and  horizontal  5-inch 
pi{H»  into  a  rectangular  flume.  The  discharge  was  measured  by  inte- 
grating with  a  Price  acoustic  current  meter  in  the  rectangular  flume. 
The  cross  section  of  flume  where  measurements  were  taken  had  an  aver- 
age depth  of  0.475  foot,  an  average  width  of  0.992  foot,  and  an  area  of 
0.470  foot.  The  mean  velocity  was  1.78  feet  per  second,  giving  a  total 
discharge  of  0.838  cubic  foot  per  second,  or  378  gallons  per  minute. 

The  vacuum  gage  was  attached  to  the  goose  neck  of  the  centrifugal 
pump.  After  a  few  minutes  pumping  the  vacuum  was  18  inches,  but 
it  gradually  fell  to  24^  inches  at  the  close  of  the  first  half  hour,  where 
it  remained  constant  during  the  next  hour.  The  vacuum,  when  cor- 
rected for  altitude,  is  equivalent  to  22.5  inches  of  mercury,  or  25.5 
feet  of  water. 

On  August  29, 1904,  the  elevation  above  sea  level  of  the  water  plane 
was  3,043.13  feet;  that  of  the  vacuum-gage  tap  was  3,040.47  feet, 
and  that  of  the  top  of  discharge  pipe  was  3,059.90  feet.  As  the  water 
level  in  the  well  was  lowered  22.15  feet  b}'  pumping,  the  total  lift  was, 
therefore,  38.93  feet.  The  specific  capacity  of  the  well  is  17.5  gallons 
per  minute.  As  the  area  of  the  well  strainer  is  14.4  square  feet,  the 
sptH^ific  capacity  for  eacli  square  foot  of  well  screen  was  1.21  gallons 
per  minute. 

The  amount  of  (»lectric  current  used  during  the  pumping  was 
determined  by  means  of  a  Westinghouse  watt  meter.  The  current 
used  in  one  hour's  test  (avenige  speed  of  motor  1,485  revolutions  a 
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minute)  was  4,950  watts.  Sp(*ed  of  the  pump  was  1,02S  revolutionrJ 
a  minute.  The  diameters  of  the  pulle3\s  ai-e  as  follows:  Pullej^on 
motor,  7i  inches;  driven  puHey  on  countershaft,  24  inches;  drivuig 
ouUey  on  countershaft,  14  inches;  pulley  on  pump  shaft,  6  inches. 


Khi.  14,— I)inKram  of  luiinpinj,'  phintof  Frlix  Martiin'z.  near  El  I*a.s<>.  Tox. 


The  power  artually  used  tit  tlie  plant  is  the  e(|ui\  alent  of  4,950  watts, 
or  ♦>J)4  horsepower.  The  power  repr(S(Mit<Mi  \)\  the  discharge*  of  0,SSS 
second-feet  of  water    lifted   1\SAK]   feet    is   (Mjuivalent  to    2,080  foot- 
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ids  per  second,  which  is  equal  to  3.7  effective  horsepower.     If 

~  applied  horsepower,  B.64,  is  compared  with  the  effective  horse- 

er,  3.7,  the  total  efficiency  of  the  plant  is  found  to  be  55.5  per  cent. 

*~  s  duty  of  the  plant  can  be  found  by  comparing  4,950  watts,  the 

•itrical  energy  consumed  in  one  hour,  with  655,200  foot-gallon«, 

work  done  ])v  the  pump   in  one   hour.     The  resulting  duty  is 

,400  foot-gallons  of  water  per  kilowatt  hour  of  electric  current. 

PLANTS  OF  J.  A.  SMITH. 

The  plants  of  J.  A.  Smith  are  located  8  miles  east  of  El  PavSo, 
X.,  near  the  right  of  way  of  the  Southern  Pacific  Railroad.     There 
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Fig.  15.--Diagrain  of  J.  A.  Smith'K  ptimpiiif?  plant  No.  1,  near  El  Paso.  Tex. 

are  two  pumping  ])lants  on  the  sanie  ranch.  At  the  first  or  older 
plant  there  are  three  wells,  40  feet  apart,  in  a  row.  The  pump  pit  is 
over  the  middle  well,  which  is  8  inches  in  diameter  and  62  feet  deep, 
measured  from  the  surface.  Fine  sand  and  quicksand  were  passed 
through  to  a  depth  of  50  feet,  then  12  feet  of  coarse  gravel  containing 
nuicli  fine  material  was  encounteiHHl.  A  10-foot  slotted  galvanized- 
iron  strainer  of  the  Porcher  pattern  was  placed  at  the  bottom  of  this 
well.  The  east  well  is  (>  inches  in  diameter  and  73  feet  deep.  The 
gravel  at  this  point  is  22  feet  deep.  A  10-foot  Porcher  strainer  was 
used.  The  west  well  is  i\  inches  in  diameter  and  61  feet  deep.  The 
gravel  was  11  feel  deep,  and  a  lO-foot  Porcher  strainer  was  used.     All 
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Another  experimental  test  of  the  plant  was  made  when  the  engine 
was  in  charge  of  the  regular  help  employed  on  the  ranch.  No  effort 
was  made  to  save  oil  or  make  a  record,  everything  being  managed 
exactly  as  it  was  during  several  months  of  pumping  for  irrigation. 
The  test  was  for  forty  and  one-half  hours,  extending  over  four  con- 
secutive days  of  about  ten  working  hours  each.  The  amount  of  crude 
oil  used  was  163.5  gallons,  or  97  gallons  per  twenty-four  hours,  or 
4.03  gallons  per  hour.  This  represents,  therefore,  the  actual  rate  at 
which  oil  was. consumed  during  the  irrigation  season.  The  cost  of 
fuel  is  $2.90  per  twenty-four  hours,  12 -cents  per  hour,  ten  forty-sixths 
of  a  cent  per  1,000  gallons,  and  one  one  hundred  and  seventy -first  of 
a  cent  per  1,000  foot -gallons. 

The  cost  of  the  water  at  the  same  plant^  when  pumped  with  gaso- 
line, was  also  determined.  In  a  test  of  eleven  hours'  run  with  same 
engine,  using  gasoline  instead  of  ciiide  oil  gas,  40  gallons  of  gasoline 
w^ere  consumed,  or  3.64  gallons  per  hour.  At  14  cents  per  gallon,  the 
hourly  cost  for  gasoline  was  $0.51.  This  makes  the  fuel  cost  of  water 
$0.0092  per  1,000  gallons  and  $0.000236,  or  one  forty-second  of  a  (!ent 
per  1,000  foot-gallons. 

The  above  estimates  do  not  represent,  of  course,  the  total  cost  of 
pumping,  as*  no  items  have  been  included  to  cover  interest,  deprecia- 
tion, labor,  etc. 

The  934  gallons  per  minute  furnished  by  the  above  plant  amounts 
to  a  little  over  2  second-feet,  or  4  feet  per  twenty-four  hours.  The 
cost  of  fuel  per  acre-foot  of  water  was,  therefore,  70  cents  when  using 
crude  oil  and  $2.95  when  using  gasoline  costing  14  cents  a  gallon. 

J.  A.  Smith's  pumping  plant  No.  2  is  about  1,000  feet  north  of  plant 
No.  1,  which  is  on  the  same  ranch.  There  are  two  8-inch  wells,  40 
feet  apart,  in  an  east-west  line.  Each  one  is  60  feet  deep  and  is 
equipi^ed  with  12  feet  of  Porcher  slotted  galvanized  iron  sti'ainer. 
The  gravel  bed  is  12  feet  thick  and  is  overlain  by  a  thick  deposit  of 
clay  and  hardpan.  A  No.  7  vertical  shaft  Byron  Jackson  centrifugal 
pump  is  connected  to  an  8-inch  horizontal  suction  pipe  that  is  12.25 
feet  below  surface.  The  pump  is  7  feet  from  the  east  well  and  33  feet 
from  the  west  well.  It  was  driven  at  a  speed  of  585  revolutions  per 
minute  by  a  22-horsepower  Fairbanks-Morse  gasoline  engine.  The 
engine  made  195  revolutions  per  minute,  the  engine  being  belted  to 
the  pump  shaft  from  36-inch  driving  pulley  to  12-inch  driven  pulley. 
The  vacuum  shown  at  center  of  the  suction  pipe  was  25  inches,  or  23 
inches  of  mercury  when  corrected  for  altitude,  corresponding  to  26.1 
feet  of  water.  The  vacuum-gage  tap  is  14.85  feet  below  the  top  of  the 
discharge  pipe,  above  which  the  discharge  jet  rises  0.6  foot,  so  that  the 
total  lift  is  41.45  feet.  A  vertical  10-inch  pipe  delivers  the  water  into 
a  nearly  horizontal  rectangular  flume  in  which  the  discharge  was  meas- 
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ured  by  int^gi-atiiif^  with  a  Price  iimuslic  cur  runt  meter.  The  di^s- 
chHrgc  wfl.^  doUxniiiTuul  to  Ix*  tiJ*4rj  second-feet,  or  1,325  galloiiH,  prr 
tiiinute.     Aj8  the  water  in  the  wells  was  lowcreti  21  feet  below  the 
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Fig.  Ifi.— Diagram  of  .1.  A.  Smith's  jninijiin^  plant  No.  'J,  near  Kl  I'as4».  Tex. 

normal  \vater  ])lane  by  the  pumps,  the  specific  capacity  of  the  two 
wells  was  63.2  ^Ilons  per  minute,  oi*  since  the  total  sti'ainer  surface 
is  46  square  feet,  1.87  gallons  per  minute  for  each  square  foot  of 
strainer. 
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^-*«ff  expense  of  pumping  at  this  plant  can  readily  be  entimated  as 

— ?  -;he  cost  of  fuel  is  concerned.     The  engine,  as  run  in  the  above 

-    ■»  tnsumed  per  hour  2.5  gallons  of  gasoline  or  distillate,  costing  14 

)er  gallon.     The  fuel  cost  is,  therefore,  35  cents  per  hour,  0.44 

•er  1,(X>0  gallons,  $0.000106,  or  one  ninety-fourth  of  a  cent,  per 

foot-gallons,  and  $1.43  per  acre-foot. 

PLANT  OF  J.  S.  PORCHER, 

IS  pumping  plant  is  located  on  tfie  ranch  of  J.  S.  Porcher,  in  the 

jri-ande  Valley,  about  8  miles  east  of  El  Paso,  Tex.,  and  about 

»  feet  east  of  J.  A.  Smith's  first  wells.     Water  is  obtained  from 

;11  8i  inches  in  diameter  and  60  feet  deep.     The  water-bearing 

el  has  a  thickness  of  12^  feet  and  lies  below  a  layer  of  quicksand. 

re  is  a  12-foot  slotted  galvanized  iron  strainer  at  the  bottom  of  the 

.•     Mr.  Porcher  first  used  this  type  of  strainer  in  the  Rio  Grande 

ley.    At  the  present  time  this  form  of  strainer  is  universally  used, 

is  known  as  the  '*  Porcher''  strainer  (see  PI.  II,  B).     Water  is 

jed  by  a  No.  5  Byron  Jackson  horizontal-shaft  centrifugal  pump 

--  ven  by  a  15-horsepower  Columbus  gasoline  engine.     The  engine 

.de  212  revolutions  and  75  explosions  per  minute.     The  diameter  of 

iving  pulley  was  30  inches  and  that  of  driven  pulley  8  inches.    The 

.mp  made  712  revolutions  per  minute.     The  water  is  discharged 

Tough  an  8-inch  vertical  pipe  into  a  rectangular  wooden  fiume.    The 

8charge  from  this  rectangular  flume  was  measured  by  integrating 

ith  a  Price  acoustic  current  meter.     The  selected  cross  section  had 

n  average  depth  of  0.1792  foot,  a  width  of  1.92  feet,  and  an  area  of 

.344  square  foot.    The  current  meter  showed  that  the  average  velocity 

ras  4.245  feet  per  second,  which  gives  a  discharge  of  1.46  second-feet, 

)r  658  gallons  per  minute.    The  vacuum  gage  read  22.4  inches,  which, 

«ehcn  corrected  for  altitude,  is  equivalent  to  20.4  inches  of  mercury, 

or  28.07  feet  of  water.    The  elevation  of  the  ground  water  at  the  well 

on  September  5,  1904,  was  3,627.59  feet  and  that  of  the  vacuum-gage 

tap  was  3,630.07  feet,  so  that  the  water  in  the  well  was  lowered  20.59 

feet  by  pumping.     As  the  vac^uum-gage  tap  is  12.8  feet  below  the  top 

of  the  discharge  pipe  the  total  lift  is  35.87  feet. 

Since  the  water  level  in  the  well  was  lowered  20.59  feet,  the  specific 
capacity  of  the  well  is  estimated  to  be  32  gallons  per  minute,  or  1.28 
jrjiUons  per  minute  for  each  square  foot  of  strainer. 

The  amount  of  gasoline  used  in  running  the  engine  was  determined 
in  two  test  runs.  During  the  first  test  the  consumption  of  gasoline 
from  0  a.  m.  to  4  p.  m.  was  ascertained  by  measurements  in  the  gaso- 
line reservoir.  In  the  ten  hours'  test  there  was  used  14.3  gallons,  or 
1.43  gallons  per  hour.  In  the  second  test  Mr,  Porcher  determined  the 
time  necessary  to  consume  5  gallons  of  gasoline  in  the  engine.  At  6.30 
a.  m.  on  the  day  of  the  test  5  gallons  of  gasoline  were  placed  in  the  empty 
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gaHoline  reservoir.  All  the  ga^^oline  had  l>een  used  up  by  10.20  a.  m. 
SO  that  the  consumption  wa«  5  gallons  in  3.83  hours,  or  1.31  gallon 
per  hour.     As  the  engine  was  run  with  considerable  care  during  the» 
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Fn..  17.— DiHKrani  of  pumping  plant  of  .T.  S.  Porrher.  near  El  Paso,  Tex. 

test^i,  it  is  probable  that  the  consumption  of  gasoline  normally  runs  as 
high  as  15  gallons  for  i^w  hours.  The  hourly  cost  for  fuel,  with  gaso- 
line at  14  cents  per  gallon,  wius  21  cents.     As  39,500  gallons  of  water 
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were  obtained  in  one  hour,  the  cost  was  $0.00531  per  1,000  gallonn, 
$1.73  per  acre-foot,  and  $0.0001,  or  one  sixty-seventh  of  a  cent,  per 
1,000  foot-gallons. 

A  -H-acre  Held  of  alfalfa  can  \ye  irrigated  with  the  pump  in  from 
fourteen  to  nineteen  hours.  After  a  rain  it  was  irrigated  in  fourteen 
hours,  but  sixteen  hours  usuall}^  are  required.  A  nuYnber  of  irrigations 
of  the  same  field  have  varied  from  sixteen  to  eighteen  hours  each. 
This  field  was  irrigated  every  seven  days,  and  the  crop  taken  off  at  the 
end  of  the  fourth  week,  so  there  were  three  irrigations  to  a  crop. 

With  gasoline,  or  distillate,  at  14  cents  per  gallon,  or  $2.36  per  acre, 
per  crop  of  alfalfa  (three  irrigations),  the  crop  cut  from  the  field 
averaged  fully  a  ton  to  an  acre,  and  at  the  selling  price  of  $12  to 
$14  per  ton,  the  irrigation  with  the  pump  could  be  carried  on  at  a  good 
profit.  If  the  selling  price  had  been  as  low  ns  $7  per  ton  there  would 
be  no  profit  in  the  irrigation  of  alfalfa  by  pumping. 

TESTS  OF  PUMPING  PLANTS  IN  MESILLA  VALLEY,  NEW  MEXICO. 
PLANT  OF   F.  C.  BARKER. 

This  plant  is  located  on  the  ranch  of  Mr.  F.  C.  Barker,  about  1  mile 
south  of  Las  Cruces,  N.  Mex.  The  pumping  plant  is  used  to  irrigate 
about  20  acres  of  garden  truck.  Water  is  obtained  from  a  6-inch 
well,  48  feet  deep,  containing  12  feet  of  slotted  galvanized-iron 
strainer  at  the  bottom.  The  water  is  raised  l^y  a  No.  3  Byron  Jackson 
horizontal-shaft  centrifugal  pump,  driven  by  a  5-horsepower  Otto 
gasoline  engine.  The  engine  is  belted  directly  to  the  pump  from  a  20- 
inch  driving  pulley  to  a  6-inch  driven  pulley.  The  engine  made  334 
revolutions  and  from  92  to  97  explosions  per  minute.  The  speed  of 
the  pump  was  1,110  revolutions  per  minute. 

The  vacuum-gage  tap  was  2.92  feet  above  the  water  plane  in  Sep- 
tember, 1904,  and  17.73  feet  below  the  center  of  3-inch  horizontal  dis- 
charge pipe.  The  lift  of  the  pump  above  the  vtK'uum-gage  tap  when 
discharging  into  the  first  of  two  irrigation  reservoirs  is  17.73  feet. 

The  lift  above  the  vacuum-gage  tap  when  discharging  into  the  sec- 
ond irrigation  reservoir  was  20.18  feet.  The  vacuum  gage  read  24.50, 
which,  when  corrected  for  altitude,  is  equivalent  to  22.50  inches  of 
mercury,  or  25.4  feet  of  water.  This  makes  the  total  lift  when  filling 
the  second  reservoir  45.58  feet. 

The  discharge  of  the  pump  was  ascertained  by  determining,  by  means 
of  a  stop  watch,  the  time  required  to  fill  a  tank  holding  47.6  gallons. 
As  the  tank  was  filled  in  21.8  seconds,  the  discharge  of  the  pump  is 
0.291  second- foot,  or  131  gallons  per  minute.  As  the  water  level  in 
the  well  is  lowered  22.48  feet  during  pumping,  the  specific  capacity 
of  the  well  must  be  5.83  gallon  per  minute,  or  0.337  gallons  per  minute 
for  each  square  foot  of  strainer. 
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ThiH  pumping  plant  is  unusually  well  constructed.     The  machinery 
is  well  housed,  and  there  are  two  concrete-lined  reservoii-s  for  storing 
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Fk;.  is.— IMuKmrn  of  pumpiiiK  plant  of  ¥.  ('.  Barker,  near  Las  Cnicej*.  N.  Mex. 

water  for  irrigation.  It  takes  tho  pump  eight  hours  to  fill  a  reservoir, 
which  is  emptied  in  a])Out  an  hour's  irrigation.  The  cost  of  the  plani 
complete  was  $1,200. 


^  BR]  TESTS   OF   PUMPING    PLANTS.  58 

le  amount  of  gasoline  used  was  not  accurately  determined,  but  it 
_._^      II3'  exceeded  one-half  guUon  per  hour  when  the  engine  was  develop- 
about  its  full  horsejxjwer.    With  gasoline  at  17  cents  a  gallon,  the 
cost  may  safely  be  put  at  9  cents  an  hour.     On  this  basis  the  fuel 
:  of  water  was  $0.0115  per  l,OrM)  gallons,  $3.73  per  acre-foot,  and 
000252,  or  one-fortieth  of  a  cent  per  1,000  foot-gallons. 

r::^:^:::-  PLANT  OF  J.  C.  CARRKRA. 

^_    This  plant  is  located  on  the  ranch  of  J.  C.  Carrera,  about  half  way 

tween  Las  Cruces  and  Mesilia  Park,  N.  Mex.,  near  the  east  or  upper 

ghway  between  the  Agricultural  College  and  Las  Cruces.     The  well 

6  inches  in  diameter  and  58  feet  deep,  and  is  equipped  with  a  slotted 

dvanized-iron  strainer  5i  inches  in  diameter  l)y  15  feet  long.     The 

*      ater  is  recovered  by  a  No.  5  Byron  Jat^kson  horizontal-shaft  centrif- 

gal  pump,   driven  by  an   8-horsepower  Fairbanks-Morse  gasoline 

Dgine.     The  engine  mn  at  a  speed  of  234  revolutions  a  minute,  miss- 

ng  no  explosions.     The  pump  was  driven  at  a  speed  of  560  revolutions 

I  minute  by  direct  belting  to  engine  from  20-inch  driving  pulley  to 

— ^  S-inch  driven  puUe}- . 

-f-  The  vacuum-gage  tap  was  12.65  feet  below  the  center  of  the  5f-inch 
"^horizontal  discharge  pipe  and  5.72  feet  above  the  water,  which,  when 
the  well  was  first  dug,  three  years  before  the  test,  was  2.7  feet  higher 
than  at  present.  The  vacuum  gage  read  14.5  inches,  which  gives,  after 
correction  for  altitude,  12.5  inches  of  mercury  or  14.2  feet  of  water. 
The  total  lift  was  therefore  26.85  feet.  The  discharge  of  the  pump 
was  1.44  second-feet  or  648  gallons  a  minute.  The  water  in  the  well 
was  lowered  only  8.48  feet,  so  that  the  specific  capacity  of  the  well  is 
76.4  gallons  per  minute,  or  3.53  gallons  per  minute  for  each  square 
foot  of  well  strainer. 

Twelve  gallons  of  gasoline  were  used  for  eleven  hours'  run,  including 
the  amount  consumed  by  igniting  torch.  With  gasoline  at  17  cents 
per  gallon,  the  fuel  cost  of  water  is  171  cents  an  hour,  0.456  cents  per 
1,000  gallons,  $1.48  per  acre-foot,  and  $0,017  or  one  fifty-ninth  of  a 
cent  per  1,000  foot-gallons. 

PLANT   OF   FRANK   BURKE   NEAR   MESILLA,  N.  MEX. 

This  plant  is  located  on  the  ranch  of  Frank  Burke,  about  one-half  of 
a  mile  south  of  Mesilia  Park,  N.  Mex.  Water  is  obtained  from  a  12- 
inch  well,  52  feet  deep,  containing  Hi  feet  of  slotted  galvanized-iron 
stniinor  at  the  bottom.  The  well  passes  through  8  feet  of  soil  and 
sand,  14  feet  of  quicksand  with  small  pebbles,  and  38  feet  of  sand  and 
gravel  of  miiximum  size  3  inches.  The  water  is  recovered  by  a  No.  0^ 
Byron  Jackson  horizoiitjil-shaft  centrifugal  pump,  driven  by  a  Xt| 
horsepower  Otto  gasoline  engine.     The  engine  is  belted  to  a 
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shaft  from  40-inch  driving  pulley  on  engine,  thence  to  a  20-inch  driven 
pulley  on  countershaft,  thence  from  16-inch  driving  pulley  on  counter- 
shaft to  10-inch  driven  pulley  on  pump  shaft.     The  speed  of  piunp 
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Fig.  19.— Diagram  of  pumping  plant  of  J.  (.'.  Carrern.  near  Las  Cruees.  N.  Mo.x. 

during  the  test  was  733  revolutions  per  minute,  and  of  the  engine 
240  revolutions  per  minute. 

The  vacuum  gsigo  was  placed  in  the  goose  neck  of  the  pump,  and 
the  tap  was  14.85  feet  below  the  centcM*  of  the  horizontal  discharge 
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.  5.  The  vacuum  gage  read  25.25  inches,  which,  when  corrected  for 
tude,  is  equivalent  to  23.25  inches  of  mercur}^  or  25.6  feet  of 
er.     The  total  lift  of  the  pump  was,  therefore,  40.45  feet. 


21  HP gaso/f'ne  engine 


Fkj.  20.— Diagram  of  pumping  plant  of  Frank  Burke,  near  Mesilla  Park,  N.  Mex. 

The  discharge  of  the  pump  was  determined  by  integrating  with  a 
Price  acoustic-current  meter  in  a  rectangular  flume  through  which  the 
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^  s  Cruces,  who  reports  that  48  gallons  of  gasoline  were  consumed 
ring  that  time.     With  gasoline  at  17  cents  a  gallon  the  fuel  cost  of 
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Fio.  21.— Diagram  of  pumping  plant  of  Mrs.  E.  M.  Boyer,  near  Leh  Cruces,  N.  Mex. 


►vater  would  he  10.3  cents  an  hour,  0.412  cents  per  1,000  gallons,  $1.34 
;)er  acre-foot,  and  ^0.00UlU2,  or  one  ninety -eighth  of  a  cent  per  1,000 
root-gallons. 
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PLANT  OF   W.   N.  HAOER. 

Tlii:i  puinpinjr  plant  is  located  on  the  ranch  of  W.  N.  Hf^] 
on«»-lialf  mile  west  of  the  niilroacl  station   at  Mesilla  Park,  J 
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Ki»..  JJ      hiMKrr.m  of  puinpiiiK  plant  of  \V.  N.  II.ik»t.  th'HF  M«'.silln  Park,  N.  M^x 

Wat**:-  is  <)l)t{UM«'(l   from  a   l(»-inch  w(»ll,  G3  feet  deep,   eonta 
l^-foot,  slotton.  jralviiiiized-iron   I^oicIkm*  strain<»r,  \^\  inches  ii 
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;^^    r.     The  pumping  is  done  by  a  No.  5  Byron  Jackson  horizontal- 
ift,  centrifugal  pump,  directly  connected  to  the  10-inch  well  casing. 
"^    ''e  pump  is  driven  by  a  12-hoi-sepower  Weber  gasoline  engine,  power 
c*    SAng  transmitted  by  a  belt  from  24-inch  driving  pulley  to  18-inch 
Ileys  on  countershaft,  thence  to  8-inch  driven  pulley  on  pump  shaft. 
-^    At  the  time  of  the  test  the  engine  made  243  revolutions  and  76 
^313  P'^^^^*^^  P^^'  minute.     The  speed  of  the  pump  was  66S  revolutions  a 
— jr^inute.     The  pump  discharges  through  a  Tf-inch  vertical  discharge 
pe  into  a  rectangular  wooden  flume.     The  discharge  was  measured 
y  integrating  in  this  flume  with  a  Price  acoustic  current  meter.     The 
idth  of  flume  was  1.63  feet.     At  the  selected  cross  section  the  water 
ad  an  average  depth  of  0.308  feet  and  an  average  velocity  of  1.171 
eet  per  second.     The  total  disc^harge  was  therefore  0.590  second-feet, 
tr  325  gallons  a  minute.     An  attempt  was  made  to  catch  the  water  in 
*    fc  tub  holding  15.9  gallons.     The  time  required  to  fill  the  tub  was 
ietermined  by  a  stop  watch,  but  as  the  water  had  to  be  diverted  into 
:he  tub  l)y  closing  a  gate  at  the  end  of  the  rectangular  flume,  the 
results  are  not  satisfactory.     The  average  time  required  to  till  the  tub 
_  in  seven  trials  was  4.3  seconds,  indicating  a  discharge  of  onl}'^  209  gal- 
lons a  minute.     This  result  is  known  to  be  valueless,  but  it  illustrates 
the  impracticability  of  measuring  such  a  discharge  by  means  of  a  small 
tub,  unless  the  tub  can  be  placed  directly  under  the  discharging  stream 
of  water  without  the  necessity  of  diverting  the  water  to  one  side. 

The  vacuum-gage  tap  was  16.27  feet  below  the  surface,  and  16.84 
feet  below  the  top  of  the  7^-inch  discharge  pipe.  The  water  jet  is 
0.33  feet  al)ove  the  mouth  of  the  discharge  pipe.  The  vacuum  gage 
read  17.5  inches,  or  15.5  inches  of  mercury,  when  corrected  for  altitude. 
This  is  equivalent  to  17.6  feet  of  water,  making  total  lift  of  pump 
34.77  feet.  The  vacuum-gage  tap  was  2.405  feet  above  the  water 
plane,  so  that  the  water  in  well  was  lowered  15.2  feet  during  pumping. 
The  specific  capacity  of  the  well  is  therefore  22.5  gallons  per  minute, 
or  0.76  gallons  per  minute  for  each  square  foot  of  well  strainer. 

The  amount  of  gasoline  used  was  determined  by  measurement  in  a 
round  tank  1.87  feet  in  diameter.  In  one  hour  a  depth  of  0.09  feet 
of  gasoline  was  consumed,  or  1.84  gallons.  With  gasoline  at  17  cents 
per  gallon,  the  fuel  cost  of  water  was  31  cents  per  hour,  1.6  cents  per 
1,000  gallons,  and  $5.14  per  acre-foot.  The  lift  being  34.77  feet,  the 
cost  of  fuel  for  1,000  foot-gallons  was  ^.00046,  or  one  twenty-second 
of  a  cent. 

PLANT  OF  A.  L.  HINE8. 

This  plant  is  located  on  the  ranch  of  Dr.  A.  L.  Hines,  about  1  mile 
north  of  oast  from  the  old  village  of  Mesilla.  Water  is  obtained  from 
a  well  5^  inches  in  diameter  and  59  feet  deep.  The  log  of  this  well 
showed  8  feet  of  soil,  11  feet  of  dry  sand,  28  feet  of  quicksand,  and  12 
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feet  of  grnnl  on  top  of  qaidniiid  of  nnkno^ 

is  recovered  bj  a  No.  4  Bimuey  horiMntal-aiyift  centri 

which  is  driven  bj  an  8-honepower  Tertioftl  /pumAme  eiigine 
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Fiii.  '23.— Diagram  of  pumpinK  plant  of  A.  L.  Uines,  nearMerilla,  N.  Mex. 


sills  extending  across  the  top  of  the  well  pit.  The  en^ne  was 
fact u red  by  the  Chicago  Gas  Engine  Company.  It  is  directly 
to  pump  shaft  from  a  24-incb  driving  pulle3'and  9-inch  driven  i 
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.  engine  made  238  revolutions  and  119  explosions  per  minute, 
j^peed  of  the  pump  was  594  revolutions  per  minute. 
"he  water  plane  was  2.92  feet  below  the  vacuum -gage  tap  in  goose- 
i  of  pump  on  September  15,  1904,  and  2.23  feet  below  on  June  1, 
4;  the  water  plane  had  fallen,  therefore,  in  this  interval  about  8i 
aes.  The  pumping  plant  had  been  in  use  only  twenty  days  during 
5S  summer.     The  vacuum-gage  tap  was  19.05  feet  below  the  center 

-- -.the  horizontal  5f-inch  discharge  pipe.     The  vacuum  gage  read  17 

rhes,  which,  corrected  for  altitude,  is  equivalent  to  15  inches  of  mer- 
ry, or  17  feet  of  water.  The  total  lift  of  the  pump  was,  therefore, 
.06  feet. 

The  discharge  was  measured  with  great  precision  by  determining 

ith  a  stop  watch  the  time  required  to  fill  a  wrought-iron  rectangular 

w  .nk.     The  water  was  conducted  across  the  tank  by  means  of  an  extra 

^    iece  of  iron  pipe  until  the  pumping  plant  had  been  in  operation  for 

Dme  time,  when  the  extra  pipe  was  suddenly  pulled  off.     The  tank 

eld  15.08  cubic  feet  and  was  filled  in  30.6  seconds.     The  discharge 

eas,  therefore,  0.492  second-foot,  or  271  gallons  per  minute. 

.^^^    An  excellent  opportunity  was  offered  for  testing  the  accuracy  of 

38timating  the  discharge  from  partly  filled  pipes  by  determining  the 

r^Jnean  velocity  of  the  stream  by  a  small  current  meter.     Only  44.3  per 

cent  of  the  cross  section  of  the  5  J-inch  discharge  pipe  was  filled  by  the 

water  raised  by  the  pump.     The  area  of  the  cross  section  was  0.076 

square  foot,  and  the  velocity  of  the  water,  as  given  by  the  current 

meter,  was  8.47  feet  per  second.     The  discharge  was,  therefore,  0.642 

!iecond-foot,  or  290  gallons  per  minute.     The  ti-ue  discharge  was  271 

gallons  per  minute,  showing  an  error  of  5.3  per  cent  in  the  meter 

determination. 

The  water  in  the  well  was  lowered  14.08  feet  during  pumping;  there- 
fore, the  specific  capacity  of  the  well  was  19.2  gallons  per  minute.  As 
the  area  of  the  well  stminer  was  11.3  square  feet,  the  specific  capacity 
per  square  foot  of  well  strainer  was  1.79  gallons  per  minute. 

At  this  plant  1.5  gallons  of  gasoline  were  used  per  hour.  This  is 
at  least  50  per  cent  more  than  should  have  been  used.  With  gasoline 
at  17  cents  a  gallon,  the  hourly  cost  of  fuel  was  25^  cents.  As  the 
yield  was  16,250  gallons  of  water  an  hour,  the  fuel  cost  was  $0.0157 
per  1,000  gallons,  $5.10  per  acre-foot,  and  $0.000435,  or  one  twenty- 
third  of  a  cent  per  1,000  foot-gallons. 

PLANT  OF  THEODORE  ROUALT. 

This  plant  is  on  the  ranch  of  Theodore  Roualt,  about  3  miles  north- 
west of  Las  Cruces,  N.  Mox.  Water  is  obtained  from  a  10-inch  well 
4S  feet  deep  that  contains  10  feet  of  9f-inch  slotted  galvanized-iron 
stniintM*.  It  is  raised  bv  a  No.  3  Van  Wie  vertical-shaft  centrifugal 
pump,  driven  by  a  10  hors(^power  Nagle  steam  engine,  on  18-horsepower 
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horizontal  w<M>d-burninj(  boiler.     The  engine  is  directly  belted  to  the 
puuip  shaft  from  a  30-inch  driving  pulley  to  a  12-inch  driven  pullev. 


iOH.R  steam  engine 


Fuj.  'Jl.— DijiKnun  ol  pumping'  plant  of  TluKKlore  Roualt.  m-ar  I^.h  (..'rucea,  N.  Mex. 

The  water   is   dischartjfed    throuijfh   an   8-inch    vertical    pipe    into  a 
rectangular  fhunc. 
The  engine  made  205  and  the  pump  xlv)  revolutions  per  minute. 
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A-     DISCHARGE  FROM  WELL  NO.   1.   HORACO  RANCH  COMPANY. 


B.     PUMPING   PLANT  OF  T.   ROUALT. 
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e  steam  pressure  varied  between  81  and  83  pounds.     The  vaeuum- 

re  tap  was  3.tt4  feet  above  the  water  plane,  7.96  feet  below  the  top 

bottom  plank  of  flume,  and  8.66  feet  below  the  top  of  water  jet. 

The  vacuum  gage  read  24.25  inches,  which  is  equivalent,  when  cor- 

sted  for  altitude,  to  22.25  inches  of  mercury,  or  25.5  feet  of  water, 

iking  the  total  lift  34.16  feet.     The  discharge  was  measured  by  inte- 

-ating  with  a  Price  acoustic  current  meter  in  the  rectangular  flume. 

be  selected  cross  section  had  a  width  of  1.19  feet,  an  average  depth 

:  0.35  foot,  and  an  area  of  0.417  square  foot.     As  the  average  velocity 

as  1.867  feet  per  second,  the  discharge  was  0.78  second-foot  or  351 

allons  per  minute.     From  this  it  is  estimated  that  the  specific  capacity 

f  the  well  is  16  gallons  per  minute,  or  0.627  gallon  per  minute  for 

ach  square  foot  of  strainer. 

The  cost  of  fuel  used  for  pumping  can  be  readily  estimated  from  care- 
'ul  tests  by  Mr.  Roualt.  For  one  irrigation  of  a  70-acre  field  of  toma- 
:oes  the  pump  was  run  twenty-eight  days  of  twenty-four  hours,  and 
76  cords  of  cottonwood,  costing  $2  per  cord,  were  consumed.  During 
the  twenty -eight  days  of  twenty-four  working  hours  each  14,150,000 
gallons,  or  43.5  acre-feet,  of  water  were  pumped.  The  total  cost  of 
wood  being  $120,  the  fuel  cost  of  water  was  1.06  cents  per  1,000  gal- 
lons, $3.45  per  acre-foot,  and  $0.00031,  or  about  one  thirty-second  of 
a  cent,  per  1,000  foot-gallons. 

PLANT  (fp  G.    H.   TOTTEN. 

This  plant  is  located  on  the  ranch  of  G.  H.  Totten,  about  one-half  of 
a  mile  west  of  the  old  village  of  Mesilla,  N.  Mex.  Water  is  obtained 
from  a  10-inch  well,  62  feet  deep,  that  contains  Hi  feet  of  9-inch  slot- 
ted galvanized-iron  strainer.  It  is  raised  by  a  No.  6  Byron  Jackson 
horizontal-shaft  centrifugal  pump,  driven  by  a  28-horsepower  Ohio 
gasoline  engine.  The  engine  is  belted  from  a  36-inch  driving  pulley 
to  a  16-inch  pulley  on  countershaft;  thence  from  a  15-inch  pulley  on 
countershaft  to  a  10-inch  pulley  on  pump.  The  engine  made  205  rev- 
olutions and  an  average  of  78  explosions  per  minute.  The  speed  of 
the  pump  was  692  revolutions  a  minute. 

The  water  is  delivered  through  an  8-inch  vertical  discharge  pipe  into 
a  horizontal  rectangular  wooden  flume.  The  vacuum-gage  tap  on 
pump  was  3.9  feet  above  the  water  plane,  16.83  feet  below  top  of  dis- 
charge pipe,  and  16.95  feet  below  top  of  water  jet.  The  vacuum  gage 
read  25.25  inches,  which  is  equivalent,  after  correction  for  altitude, 
to  23.25  inches  of  murcury,  or  26.4  feet  of  water.  The  total  lift  is, 
therefore,  43.35  feet. 

The  discharge  was  measured  by  integrating  with  a  Price  acoustic 
current  meter  in  rectangular  flume.  The  selected  cross  section  had  a 
width  of  1.83  feet,  an  average  depth  of  0.38  foot,  and  an  eflfective  area 
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of  0.696  square  foot.  The  me«n  velocity  of  the  water  was  1.482  feet 
per  second,  ^ving  a  total  discharge  of  1.03  second-feet,  or  464  gallons 
per  minute. 


ZeH.P^so/fne  en^ne 


Fk;.  2').— DiHK^rara  of  pnrapin^  plant  of  CJ.  H.  Tolten.  near  McMlla.  N.  Mex. 

The  wjiter  in  the  well  was  lowered  -i'J.r)  feet  during  pumping,  from 
which  the  speeitic  eapueity  of  tlie  well  is  estimated  to  be  20.<>  gallons 
a  minute,  or  0.70  gallon  per  minute  for  each  scjuare  foot  of  stminer. 
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-■'   *y''*he  discharge  was  also  determined  from  the  dimensions  of  the  para- 

^-^^a  of  flow  as  the  water  left  the  flume.     The  end  of  the  flume  was 

lost  exactly  level  and  the  water  fell  freely  for  a  sufficient  distance 

permit  the  determination  of  the  dimensions  of  the  parabola  of  the 

1.     This  is  shown  in  tig.  26.     The  water  had  an  average  depth  of 

l71  foot  at  the  end  of  flume,  and  in  a  toUil  fall  of  2.05  feet  moved 

rward  1.285  feet.     According  to  the  laws  of  falling  bodies,  a  body 

__"*>-1Lj  2.05  feet  in  0.356  second.     If  the  water  advances  1.285  feet  in 

356  second,  its  mean  velocit}'  per  second  would  be  1.285  divided  by 

::::;;;::: 356,  or  H.e  feet.     The  area  of  the  stream  is  0.171  by  1.88,  or  0.313 

juare  foot.     This  gives  a  total  discharge  of  1.13  second-feet,  or  507 

allons  per  minute.     These  results  are  undoubtedly  slightly  too  large. 

The  pumping  plant  had  been  used  but  a  short  time,  and  no  experi- 

icntal   run   had   been   made   to  determine  the  quantity  of  gasoline 

equired.     As  the  gasoline  tank  was  situated  so  that  without  a  consid- 
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Fig.  26.— Parabola  of  discharge  from  flume  at  Totten's  well. 

erable  expenditure  of  time  it  was  impracticable  to  ascertain  the  amount 
of  gasoline  used,  no  determination  was  made  during  the  test.  How- 
ever, it  was  estimated  that  the  28-horsepower  engine  gave  22  eflfective 
horsepower.  It  may  therefore  be  safely  assumed  that  about  2.2  gal- 
lons of  gasoline  were  used  per  hour.  If  this  amount  were  used,  and 
gasoline  costs  17  cents  per  gallon,  the  fuel  cost  of  water  would  be  37 
cents  an  hour,  $0.0133  per. 1,000  gallons,  $4.34  per  acre-foot,  and 
$0.000307,  or  about  one  thirty-third  of  a  cent  per  1,000  foot-gallons. 

PLANT   AT   AGRICULTUUAl.   COLLEGE. 

This  plant  consists  of  a  12-inch  and  a  6-inch  well  located  on  the 
experimental  farm  of  the  New  Mexico  Agricultural  College.     A  com- 
plete test  of  this  plant  was  not  made,  as  the  work  with  these  wells  is 
frequently  reported  upon  by  members  of  the  faculty  of  the  Agricul- 
IRR  141 — 05 5 
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tural  College*  Only  sufficKMit  tests  were  made  to  determine  the  specific 
capacity  of  the  lar^e  well  io  order  to  make  fomparisons  jjossible  with 
the  other  pmuping  plants  in  the  valley.     At  the  time  of  tlie  tel  i 
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Fig.  27.— Diagram  of  Aprirulturnl  College  1'2-iiieh  well.  Mesilla  Park.  X.  Mex. 


No.  6  Fairbanks-Morse  centrifugal  pump  was  in  use,  but  the  pumps 
are  frequently  changed  for  experimental  purposes.  The  pump  is 
speeded  so  as  to  discharge  1,000  gallons  a  minute  at  the  measuring 
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^^.•,  in  order  that  a  known  amount  of  water  may  be  provided  for  the 
J        3rimental  plats  of  ground. 

..t  the  time  of  the  test  there  was  in  use  a  80-horsepower  steam 
ine,  which  has  ample  power  to  drive  pumps  placed  on  both  wells. 
len  both  wells  are  used,  about  1,800  gallons  per'  minute  can  be 
ained. 
)n  August  25,  1904,  the  vacuum  gage  read  13  inches,  which,  cor- 

. ted  for  altitude,  is  equivalent  to  11  inches  of  mercury,  or  12.45 

_   -.t  of  water.     The  lift  above  the  vacuum-gage  tap  was  17.10  feet, 

'     iking  the  total  lift  29.55  feet.     The  water  level  in  the  well  was 

^ered  11.37  feet  by  pumping,  from  which  the  specific  capacity  of 

e  well  is  computed  to  be  88  giillons  per  minute.     As  the  well  strainer 

12  inches  in  diameter,  12  feet  long,  and  27.6  square  feet  in  area,  the 

lecitic  capacity  per  square  foot  of  strainer  is  2.32  gallons  per  minute. 

The  cost  of  fuel  per  acre-foot,  as  given  in  the  table  on  p.  35,  is 

fcken  from  the  bulletin  issued  l)y  Professors  Vernon  and  Lester  in 

^03.    Those  results  were  obtained  with  a  20-horsepower  steam  engine 

3rn)erly  used.     These  results  are  included  in  the  table  for  the  pur- 

»ose  of  comparison  with  the  results  at  other  plants. 

•f 

TESTS  OF  PUMPING  PLANTS  NEAR  BERING,  N.  MEX. 

PLANTS  OF  HORACO   RANCH   COMPANY. 

The  Hoi-aco  Ranch  Company  has  three  plants  in  an  east-west  line  on 
a  ranch  just  west  of  Berino,  N.  Mex.  The  east  well  is  No.  3,  the 
middle  well  is  No.  1,  and  the  west  well  is  No.  2. 

Well  No.  3  is  G2  feet  deep.  It  is  cased  with  OS-inch  pipe  and  con- 
tains 18  feet  of  strainer  made  of  ll^-inch  casing  drilled  with  forty  li- 
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Ficj.  2H.— Plan  of  itiimpiiig  plimt^^  of  the  Horaco  Ranch  C^)nipany.  Berino,  N.  Mex. 

inch  holes  to  every  linear  foot  of  strainer  and  wound  with  No.  J)  gal- 
vanized-iron  wire  wrapped  so  as  to  leave  horizontal  slots  one-eighth 
of  an  inch  in  width.  This  strainer  is  locally  known  as  the  ''Mott" 
strainer. 

Water  is  obtained  by  means  of  a  No.  5  Byron  Jackson  horizontal- 
shaft  centrifugal  pump,  driven  by  a  12-horsepower  Weber  gasoline 
engine.     The  water  is  discharged  through  a  7-inch  pipe,  which  rises 
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at  an  angle  of  45^  from  the  pump  in  the  well  pit.  The  engine  made 
244  revolutions  and  i>7  explosions  per  minute.  The  pump  m«de  6l»2 
revolutions  a  minute,  and  was  belted  directly  to  the  engine  from  a 
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FuJ.  20.— Diacrrani  of  pumpinp  plant  No.  3.  Horaoo  Rnnch  Company. 

24-inch  driviniif  pulley  to  a  7-inch  driven  pulley.  On  September  11 
1904,  the  water  plane  was  2.25  feet  below  the  vacuum-gage  tap 
which  was  11. 5<)  feet  below  the   end  of   the   discharge   pipe.      Th 


L 


KB.]  TESTS    OK   PUMPING    PLANTS.  69 

um  gage  read,  after  one  hour's  pumping,  19.8,  which,  when  cor- 

3d  for  altitude,  is  equivalent  to  17.8  inches  of  mercury,  or  20.8 

of  water.     The  total  lift  of  the  pump  was,  therefore,  32.36  feet. 

he  discharge  was  measured   by  holding  a  small  Price  acoustic 

rent  meter  in  the  mouth  of  the  7-inch  discharge  pipe.     It  was  1.71 

_ond-feet,  or  750  gallons  a  minute. 

\a  determined  by  Mr.  E.  L.  Houck,  principal  owner  of  the  Horaco 

.'    ich,  a  barrel  of  60  gallons  of  gasoline  was  consumed  by  the  engine 

well  No.  3  in  fifty-three  hours.     With  gasoline  at  17  cents  per 

lion  the  fuel  cost  of  water  was  16  cents  an  hour,  or  JO.00356  per 

^    )00  gallons,  or  $1.16  per  acre-foot.     Since  the  total  lift  of  the  pump 

^      31.76  feet,  the  cost  of  fuel  for  1,000  foot-gallons  is  $0.000112,  or 

le  eighty-ninth  of  a  cent.     The  consumption  of  gasoline  at  the  time 

:  the  test  was  measured  by  noting  the  changing  level  of  the  gasoline 

_.  I  a  cylindrical  tank  1.85  feet  in  diameter.     The  change  of  level  in 

ne  hour  was^  0.0867  foot.     This  is  equivalent  to  1.76  gallons  an  hour. 

)n  this  basis  the  fuel  cost  of  water  was  $2.23  per  acre-foot,  and 

»0. 000314,  or  one  forty -seventh  of  a  cent  per  1,000  foot-gallons. 

Well  No.  1  of  the  Horaco  Ranch  Company  is  376  feet  west  from 
^ell  No.  3.  It  is  75  feet  deep,  is  cased  with  7t-inch  pipe,  and  equip- 
.,  ped  with  18  feet  of  Mott  strainer.  W^ater  is  delivered  through  a  71- 
inch  vertical  pipe  opening  into  a  horizontal  wooden  flume.  It  is  raised 
by  a  No.  5  Byron  Jackson  horizontal-shaft  centrifugal  pump,  driven 
by  a  12-horsepower  W^eber  gasoline  engine.  The  engine  made  238 
revolutions  and  106  explosions  a  minute.  The  pump  made  815  revo- 
lutions a  minute  and  was  belted  directly  to  the  engine  from  a  24-inch 
driving  pulley  to  a  7-inch  driven  pulley. 

The  vacuum-gage  tap  was  0.43  foot  above  the  water  plane  on  Sep- 
tember 11,  1904.  It  was  7.1  feet  below  the  surface  and  8.95  feet 
below  the  end  of  vertical  discharge  pipe.  As  the  water  jet  rose 
0.762  foot  above  the  end  of  the  discharge,  the  total  lift  al>ove  the 
vacuum-gage  tap  was  9.71  feet.  The  vacuum  gage  read  14.5,  which, 
corrected  for  altitude,  is  equivalent  to  12.5  inches  of  mercury,  or 
14.18  feet  of  water.  The  total  lift  of  the  pump  was,  therefore,  23.89 
feet. 

The  discharge  was  measured  by  integrating  with  a  Price  acoustic 
current  meter  in  the  rectangular  flume.  The  selected  cross  section  had 
an  average  depth  of  0.278  foot,  an  avei'age  width  of  1.42  feet,  and  an 
area  of  0.395  square  foot.  The  average  velocity  of  the  water  was 
4.707  feet  per  second,  giving  a  discharge  of  1.86  second-feet,  or  837 
gallons  per  miiuite. 

The  area  of  the  well  strainer  is  36  square  feet.  The  water  level  in  the 
well  was  lowered  13.75  feet  during  pumping,  and  therefore  the  spe- 
cific capacity  of  the  well  is60.S  gallons  per  minute,  or  1.69  gallons  per 
minute  for  each  square  foot  of  strainer. 
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ImilL 


Although  the  amount  of  water  obtained  at  well  No,  1  ij*  very  much 
greater  than  at  well  No*  3,  the  cost  for  fuel  is  8iiT>stantiatly  the  same. 
The  rotihiuniption  of  ganoline  if^  slightly  le*^s  thun  1,2  ^Uon^  an  hour. 
With  gatiioltue  at  17  rentw  a  gallon,  the  hourly  cost  is  20  cents.    The 


t2  H  Fgaso/Zi^e  ^^^fv 


Mb&aenfTume 


■l- 


Vui.  :^(i.— DiaKrani  of  i»uinpinK  plant  No.  1.  Horace  Ranoli  rompany. 

amount  of  wiiter  ohtjiinod  ])eint>^  8H7  tjallons  a  minute,  or  5(),22(>  crjillon^ 
an  liour,  the  fuel  cost  was  )i>o.(U)4:  per  1,()(M)  tjallons,  or  Si. 80  per  acre 
foot.  The  lift  at  well  No.  1  beinir  28.S1)  feet,  the  eost  of  fuel  for  earl; 
I, (MM)  foot-j^allons  was  Jt>o.0(M)U)7,  or  one-sixtieth  of  a  eent. 
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..''ell  No.  2  of  the  Horaco  Ranch  Company  is  376  feet  west  of  well 

1.     It  is  53  feet  deep,  is  cased  with  9f-inch  pipe,  and  is  equipped 

his  feet  of  Mott  strainer  at  the  bottom.     Water  is  raised  by  a  No. 

"iyrou  Jackson  horizontal-shaft  centrifu^l    pump,   driven   by   a 


i' 


IZ  HP  gasoline  engine   J*  g 


Wooden  flume 


Flu.  ai.— Diugruui  of  pumping  plant  No.  %  Homco  Kniich  ('ompHny. 

12-honsepowor  Weber  gasoline  engine.  It  is  taken  from  the  well 
through  a  7-inch  suction  and  discharged  through  a  7-inch  vertical 
pipe  into  a  horizontal  flume.     The  engine  made  239  revolutions  and 


P«I3  ex|>Io^taiit»  a  mintitc     It  was  lieltcMi  dir^ly  to  the  pimip  ahaft 
fmiii  SI  !>4-irMl]  drlviiiir  pti1lf*y  to  ft  7  iiidi  driven  pulkj.     Th€  spetv! 

■iif  tilt*  piiiii]i  wmj^  7<H^  ttM  o1utii>n?4  a  mtiuile* 
I    Tbo  VHi-uujn  gu^i*  tup  pbiH^d  in  ttu^  ^4i<Mi'  nt^ck  of  the  pump  vensi  l.^i 
fpf^t  aJK>ve  the  water  pliiiH*  and  UiO'J  feet  Jwluw  the  top  of  the  vertit-al 
diHeharife  pijie,     Ai*  the  water  jet  n^*  JI.H4  foot  lUiore  the  discharge 
H»][ie.  the  total  lift  of  the  puiup  abcjve  the  vacuum -giagi^  tap  w^s  liKHfi 
^■f^t.     Th**  vat'umii  gugf!  rt*ftd  24  itiche^n,  whieli,  f;*>rre<ted  for  altttade, 
Bii^  e<4uivak*nt  to  ^2  niches  of  jnercury,  or  Si4*i^  feet  of  water.     Tht^ 
total  lift  of  the  purup  wan  therefore  3.5.26  feet. 

Tht'  di»ichargi*  wiw  measured  hv  inte^mtinsf  with  a  Price  acfMiMif 

^urient  meter  in  thf  re<*tarif^ular  thirm%      Flie  ?^4eetcd  crot^  seetitni 

phad  ail  average  depth  of  0.251  foot,  a  width  of  L44  feet,  and  an  area 

of  ii.Hni?  Hijuan'^  ff»i>t.     The  nM*aii  V4*!*X'itv  was  \A1^  feet  per  t^ecoml, 

■which  ifives  a  tutal  discharge  of  0.425  **eeoiid'foot,  or  191  gallons  j)er 
ininute. 

The  water  in  the  well  wa.^^  lowered  2Hj;4  feet  hy  pujiipiiig.  Thi.^ 
tnake>(  the  j^jx^eilit*  ni;mdty  of  the  well  8 J  gallons  per  minute,  or  o,lTb 
gallon  per  minute  for  each  Hquarn  foot  of  r^t miner. 

The  corLsuiiiption  of  ga-noline  by  tht*  engine  nt  well  No*  2  is  known 
hy  coiiipartHori  with  that  at  well  No.  3,  Although  the  amount  of 
water  purn{»ed  U  very  much  lef<w  than  at  well  No.  H,  the  conMimption 
of  ga^»line  in  an  gieat.  and  t^ven  Kitghtly  greater,  £*ay  1.2  gallons  an 
hour.  With  ga-solln**  at  17  eent."<  per  gallon  the  hourly  cost  of  fuel  in 
2^1,4  centH-  The  fuel  eoBi  of  water  m  then  LTs  cent**  per  l/KM)  gallons, 
tO,fKM)505,  or  one-twentieth  of  a  cent  pot  l,OlXi  ftK^t-gallons^  and  $5.  so 
p*'r  n^Tf*  f*iiit. 

Mr.  Houck  gives  the  combined  cost  of  the  three  pumping  plants  on 
the  Horaco  ranch  as  follows: 

Cost  of  pumping  pltittts  on  Horaco  ranch. 

Three  12-horpepower  Weber  ganoline  engines,  three  No.  5  Byron  Jackson 

pumps  with  piping,  l)elting,  et<*.,  all  in  plaee $2, 100.  00 

Wells  at  $2.50  i)er  foot 475.  00 

Well  pits,  buildings,  fluinea,  etc.,  extra 400. 00 

2, 975. 00 

Depreciation  at  10  per  cent  and  interest  at  8  per  cent  amounts  to 
$536  per  annum.  For  an  irrigation  season  of  one  hundred  days  this 
averages  $5.36  per  day,  or  $1.80  a  day  for  each  plant. 

The  hourly  cost  of  plant  No.  1  may  he  figured  as  follows: 

• 

Hourly  cost  of  pumping  plant  No.  I  at  Horaco  ranch. 

Fuel  ( gasoli  ne ) $0. 16 

Interest  and  depreciation • 18 

Labor,  lubricating  oil,  etc 10 

Total 44 
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The  last  item  is  l^u^d  on  the  supiK)siti()n  that  one  man  can  run  the 
three  plants. 

At  well  No.  1  the  \'icld  of  water  is  837  gallons  a  minute,  or  50,220 
^lUons  an  hour.  The  eoist  is  therefore  $0.(X)87()  i)er  1,000  gallons,  or 
$2.85  pet  acre-foot. 

The  cost  at  the  other  plants  is  much  greater  on  account  of  poorer 
wells.  The  wells  would  probably  show  little  difference  in  capacity  or 
cost  of  the  water  if  they  were  all  as  deej)  as  well  No.  1.  The  coarse 
gravels  were  not  reachtnl  at  all  in  well  No.  2,  and  were  not  penetrated 
in  well  No.  3. 

Mr.  Houck  made  a  <^areful  tost  of  the  amount  of  gasoline  used  at 
pumping  plants  Nos.  1  and  3  in  November,  1$)04.  Each  of  the  engines 
at  these  plants  ran  sixteen  hours  on  iO  gallons  of  gasoline.  These 
tests  are  in  substantial  accord  with  the  former  tests  quoted  above,  l)ut 
show  a  slightly  smaller  (juantity  of  gasoline  consumed. 

Plants  Nos.  1  and  3  were  used  on  two  occasions  to  irrigate  25  acres 
of  land,  consisting  of  21  acres  of  alfalfa  and  4  acres  of  orchard  and 
garden,  and  sixteen  hours  of  contiimous  run  were  required  at  each 
trial.     This  is  equivalent  to  about  2i  inches  of  water  per  irrigation. 

An  interesting  observation  was  made  of  the  effect  of  stopping  the 
pumps  during  the  night  instead  of  making  a  continuous  run  as  alx)ve. 
When  this  was  done  the  pumps  had  to  be  run  two  and  one-half  hours 
longer  to  irrigate  land  that  had  ])reviously  been  irrigated  in  sixteen 
hours. 
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APPENDIX. 

ANALYSES  OF  WELL  WATER  AND   DATA  CONCERNING  WELLS  AT  AND  NEAR 

EL   PASO,   TEX. 

This  information  was  furnished  b}'  Mr.  A.  Courchesne,  of  El  Paso, 
Tex. 

Water  hi  corral  at  fttone  quarrif  aJ)ore  El  PasOy  Tex. 


AniilysiN. 


Silica 

Alumina 

Lime •. 

Ma^iu'nia 

Soda 

Carbonic  acid 

Snlj>huric  a«'i<l 

Chlijriiie  (CI) 

Water  of   crystallization,    or 


PartM  per 
100,000. 


Probable  combinations. 


1(1 


I 


Oxygen  Cijuivalcnt  to  CI 
T(»tal  S(>lids 


3.00  1   Silica 

2.00  I   Alumina 

2H.  20      Carbonate  of  lime 

().  1 1      Sulpbate  of  lime 

IS.  S4      Sulphat<>  of  magnesia 

15.  00      Sulphate  of  soda 

2'A.  70      Chloride  of  Hodinm 

20.  ()0   .  Water  of  crystallization,  ct 

I   20   '  Total  solids 

—  Total  hanlness 

1   1  i\.    (>5  ,  ,  All 

IVriiianent  hardness 

4.<>r) 

112.00 


Parts  JKT 
100.000. 


3.(X) 

2.00 
34.00 
IT.twS 
18.:^> 

l.R» 
•X\.  9,') 

1.2t) 

112.1X1 
02.  2tl 
2S.  2(» 


This  is  not  a  i^ood  hoilor  water,  tlioiigh  most  of  tho  .solids  will  come 
down  as  sludge  instead  of  sticking  to  tubes.     Still  there  is  enoucfh 
in  ecmihination  to  make  a  hard  seal  of  sulphate  of  lime  and  eurbonato 
of  macfnesia.     The  water  will  corrode,  but  not  badly. 
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Analym  of  water  from  mile  sflJ,  Kl  Paao  mid  South  ireMirn  Railroad, 
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CVNiRtitueiit. 


Silica 

Alumina 

Lime 

Maiguesia 

Soiia 

Sulpliuric  acid 

Carl)onic  add 

Chlorine  (CI) 

Water  of  crystallization . 


Oxygen  equivalent  to  CI . 
Total  solids 


Parts  i»er 
100.000. 

Trohablc  combination. 

l*HTtH  IKT 

100.000. 

7.00 

Sili(*a 

9.CX) 

1.00 

Alumina 

1.00 

6.70 

Carl)onate  of  lime 

12.  (X) 

2.80 

Carl>ouate  of  magnesia 

8.  (i2 

1(5.40 

Sulphate  of  magnesia 

8.4i> 

i:{.  a5 

Sulphate  of  scxla 

20. :« 

7.48 

Chloride  of  WMlium 

14. ;« 

8.70 

WattT  of  crystiillization 

.  2r> 

2o. 

Total  Holids 

()2.  CX) 

f>3.  m 

1.98 

H2.  (K) 

This  is  a  ^ocxl  locomotive  water,  and  is  a  fairly  jifood  driiikiiiji:  water, 
very  .slightly  medieal  from  Glaulxu's  .salts. 


Water  from  70-f(Htt  itrll  at  ranch  of  A.  (onrrhnnie,  near  YMu,  Tex. 


Constituent. 


I'Arts  |K»r 
100,1 


ts  iK»r 
3,IK)0. 


Silica 8. 00 

Alumina  and  phosphate I  10.  (X) 

Carbonate  of  lime 15. 00 

Carbonate  of  magnesia |  8. 01 

Carbonate  of  soda 12.  l.S 

Sulphate  of  so<la 7.  vSO 

Chloride  of  sodium '  2\\.  ;^) 

Oi^ganic  and  water  «)f  crystalliziitioii 1 .  70 


HXi.tX) 


This  water  i.s  comparatively  soft  and  ^ood  for  boiler  use.  It  has 
too  much  organic  matter  in  it  for  a  saf<»  drinking;  water.  The*  dried 
solids  blacken  on  ignition  and  smell  badly.  It  is  j)roi)ably  j)()lluted 
with  sewage. 
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Water  from  Unu  quarry,  El  Poto,  SO  frd  dEaep. 


[mHi. 


Constituent 


fiSlica 

Alumina 

%iiim6 

M^piesia 

fioia ...... 

fialphtiricjuskt: 

CbrlxNiicacid 

OMrbmiie 

Wttler  of  crystallintioii 

Ozygmi  eqiiivatont  to  Gl 
Tolalsdid^lOae 


Farts  per 
100,000. 


2.60 
2.00 
44.72 
10.80 
65.80 
60.00 
14.00 
75.60 
27.50 


908.02 
17.02 


286.00 


Probable  oomblnatioiu. 


SiUca 

Alnmina 

Carbonate  of  lime : 

Snlphate  of  lime 

Sulphate  of  magnesia 

Chloride  of  sodiom 

Water  of  crystallization 

Total  solids,  100  c 

Total  solids,  grains  per 
gallon  (DS).... 


Fisrts 
100.( 


,000. 


2.60 
2.00 

'65.90 

32.40 

124.20 

27.50 


286.00 


167.00 


Thi6  water  is  not  good  for  drinkinf;  or  boiler  purposes.  It  will 
scale  and  corrode  badly.  It  could  be  made  usable  for  boilers  by  treat- 
ment with  caustic  and  carbonate  of  soda,  but  it  would  not  then  be  a 
good  water  on  account  of  high  proportions  of  ccmimon  salt 

Anafy9e8qfiMler9fii>mwdko/El  Piuioicepkmi. 


Oooftltncnt- 


Organic 

Silica 

Sulphate  of  lime 

Carbonate  of  lime 

Carbonate  of  magnesia. 

Chloride  of  sodium 

Chloride  of  lime 

Chloride  of  magnesia . . 
Sulphate  of  magnesia  . . 

Sulphate  of  sodium 

Carbonate  of  sodium  . . 
Iron  and  alumina 


Bartmot 
water. 


5.4 

2.8 


26.3 

5.8 

36.9 


32. 5 

5.2 

.6 


Total  solids I     115. 0 

1  ncrustants i      34.  9 

Corroding  salts | 

Hating  for  boiler  purpos>es Bad. 


SOO-fooiwell 

loir 


3. 033 


9.580 
1.102 
6.102 


7.407 


SO-lbolwcn 
Ion.) 


5.  249 
1.166 

35.  oas 

10.940 
.883 

52.464 
4.391 
9.802 
5. 148 


27.  224 
10.682 


(iO(m1. 


125.046 

47.992 

19.341 

Very  liad. 
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AnnlyHW  from  vaU'r  from  uvir  4f^)-foi)t  irdl  of  FA  Vam  Ice  and  Rcfnijerntor  Omifuntify 

El  Pnao,  Tex. 


(X)nstitiit>iit. 

Sili<*a 

Alumina 

IJnie 

Ma^i*sia 

S<Mia 

Chlorine 

Carl  )onic  acid 

Sulphuric  aci<l 

Oxygen  e(|uivalent  to  CI 
Total  8oIi«lH 


^100  000  "^     I  I'it)»)Hblc  fombinations. 


0.  50 
Tr. 
2.  23 
8.00 
S.9S 
5.31 
5.  72 
4.45 

30.  19 
1.19 

29.  (K) 


Silica 

Alumina 

('arlxjnate  of  lime 

CariK>nateof  ma^^nesia 

Carbonate  of  soda 

Sulphate  of  WMla 

Chloride  of  sodium. . . 

Total  HolidH 

Total  hardnesH.. 


Piirt«  IH.T 

100,000. 


0.50 

Tr. 

4.00 

h.:m) 

1.59 
7.90 
8.71 

2^».  00 
11.5 


This  is  a  good  \vat(M\  The  hardness  is  rather  high,  l)ut  it  is  tem- 
porary, and  onlj'  a  small  i)art  (about  20  per  cent)  will  incrust,  the  rest 
falling  as  slugs  in  the  boiler,  which  cun  be  blown  out. 


Amibmti  of  Kl  l\wt  well  water. 


Inci^isting  HolidH: 

Calcium  carlmnate  . . . 

Calcium  Hulphate 

Calcium  chloride 

Magnenium  carlK)nat<^ 
Magnesium  milphate  . 
MagncHium  chloride. . 

Iron  and  alumina 

Silica 

Suspended  matter 


Constltuoiit. 


Grain.MjKT 
U.  S.  Kalloii. 


Tot^U 

Nonincru«ting  solids: 
Sodium  sulphate  . 
S<Klium  chloride  . 
So<lium  <'arlx>nate 


3.20 
None. 
None. 

1.39 

None. 

None. 

.07 

l.Hl 
Tra<e. 

(i.  27 


Total : 

Alkalinity 

Haninew 

Carbonic  aci« I 

Pounds  of  incrustiug  solids  j)er  thouHan<l  gallons 


5 

82 

i 

02 

4 

19 

17 

03 

.') 

2e> 

2 

42 

90 
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[NO.  141. 


North  tve//        South  h^// 


Water  leye/^ 
at/69' 


kVorking  barre/ 
at/69'        ^ 


Heater  /eye/ 
trat/90' 


/i/or/c/np  barre/ 
ae^OO' 

Fio.  32.— Wells  flt  Fort  Bli^a  ntation.  El  Paso  and  Northeastern  Railroad. 


Daia  canceniing  wells  at  Fori  BlisB 

NORTH    WELL. 

Completed:  July  22,  1901. 

Total  depth:  249  feet. 

Caning:  249  feet  of  6-iiich. 

Depth  of  working  l)aiTel:  245  feet. 

WattT  level:   \(\\)  feet  below  eartir.-^  surface. 

Pump:   12  \)\  .'>()  inches,  Cook. 

Teste<l  capacity  of  well:  S(),()00  ^alhms  per  twenty-four  hours. 

SOITU       WEI. I;. 

Conii)lete(l:   ltH)l. 

Total  depth:  410  feet. 

Casin-::  410  feet  of  0-inch. 

Depth  of  working  barrel:  400  feet. 

Water  level:  liMl  feet  below  earth's  surface. 

Puin]):  10  by  -'^0  inches,  (^)ok. 

TestcMl  ca])acity  of  well:  .S0,000  irallons  per  twi'nty-f<mr  hours. 

KKATIKKS    COMMON    To    NORTH     AM»    SolTH    WKI.I^S. 

(\>ntractor:  William  ]\IcT>ease. 

Size  of  hole:  8  inches. 

Pump  column:  O-inch  standard. 

Working  barrel:  5^-inch,  Cook. 

Well  rods:  No.  .*:};  o-inch  hickory,  U-inch  straight  i>ins. 

Storage:  50,lX)0  gallons,  wooden  tank. 

Boiler:  30  horsepower,  Economic. 


SLKIITER.] 
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('oiistitiient. 


Calcium  carlxmate  (incnisting:) 

Mii^negiuiii  carlKmate  ( iiuTiiHtinjj ) 

Silica  (incni><tinj?) 

Oxi<le8,  alumina  and  iron  (incrusting)  . 

Alkali  carbonates  ( nonincrusting) 

Alkali  sulphates  (nonincniHting) 

Alkali  clilorides  (non incrusting) 

Alkali  nitrates  (nonincrusting) 

Sulphates,  lime,  and  magnesium , 


Total  in<*nisting  solids 

Total  nonincrusting solids. 


Pounds  incnisting  matter  jH»r  1, ()()()  gallons 

Pounds  nonincrusting  matter  ikt  1,0(X)  gallons 


(tntins  per 


4.90 
3.09 
1.84 

.06 
2.74 
2.62 
l.(» 

.70 
Traci*8. 

9.  89 
7.69 

1.84 
1.09 


Thi«  water  should  be  classed  jis  good. 


i  i 


"1* 


1: 
I 


!!'F 


il> 


INDEX. 


Page.     I 
AKricultnral  College,  pumping  plants  at. 

data  concerning 34-37,65-67 

pumping  plants  at,  section  of.  diagram 

showing 66 

wellsof 22  i 

Alkali.    «ff  Salts. 

Barker.  L.  C,  pumping  plant  of,  data  con- 
cerning  31,34-3H,fl-53  j 

pumping  plant  of,  section  throng  h  dia-  I 

gram  showing 52 

re8er\-oirof 3A 

well  of,  water  of,  analysis  of 20 

Berino.  N.  Mex..  croHs  section  at. 'diagram 

showing 30 

pumping  plants  near,  data  concerning.  67-73 

water  horizon  at 30 

wells  near 30 

water  of.  analyses  of 20 

Boyer.  Mrs.  E.  M.,  pumping  plant  of.  data 

concerning 31 ,  34-36, 3S.  .'»6-58 

pumping  plant  of.  section  through,  dia- 
gram showing .S7 

wellof 24  I 

water  of.  analysis  of 20 

Burke,  F.,  pumping  plant  of,  data  concern- 
ing   31. 34-38.  ftS-Vi 

pumping  plant  of,  section  through,  dia- 
gram showing ,55 

Caliche,  occurrence  and  character  of 1.V17 

California  well  rig.  view  of 16 

Carrera,  J.  C,  pumping  plant  of.  data  con- 
cerning  31 ,  31-36, 3H.  53 

pumping  plant  of,  section  through,  dia- 
gram showing 54 

well  of,  water  of.  analysis  of 20 

Chlorine  in  Rio  Grande  water,  quantity  of.  12-l.S 
quantity  of.  variation  in.  diagram  show- 
ing        12 

Courchesne,  A.,  analysis  funiished  by 74 

well  of.  water  of.  nnaiysis  of 75 

Depth,  variations  of  >alls  in  water  with  ...        12 

El  Paso,  grr>und  water  near 14-21 

ground  water  near,  analyses  of 74-79 

narrows  at.  cross  section  <»f 11 

map  of 10  I 

pumping  plants  near 39-51 

sections  through,  diagrams  show- 
ing    40.42.44.45,48,49 

quarry  at.  water  of,  analysis  of 74,76  i 
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El  Paso,  rainfall  at 21 

Rio  Grande  near,  view  of 10 

section  near,  diagram  showing 16 

underflow  near 9-13 

wells  at  and   near.  kK'ation   of,  map 

showing > 15 

water  of.  analyses  of 20. 74-79 

El  Paso  and  Northeastern  Railroad,  well  of, 

water  of.  analy.His  of 20 

El  Paso  and  Southwestern  Railroad,  well  of, 

water  of.  anal y.Mis  of 75 

El  Paso  Brewer}',  well  at,  water  of,  analysis 

of 20 

El  Paso  Ice  and  Refrigerator  Company,  well 

of.  water  of,  analysis  of 77 

Electrolytes,  use  of 12 

FlcMids.  occurrence  of 25, 30 

Fort  Bliss  Military  Reservatitm,  wells  of . ..  17-18 
wells  of.  section  of,  diagram  showing . .        78 

water  of,  analyses  of 20,78-79 

French.  W.  N..  pumping  plant  of,  data  con- 
cerning  31.31-36.38.41-43 

pumping  plant  <»f.  wction  through,  dia- 
gram showing 41 

wellof 18 

section  through,  diagram  of 16 

water  of.  analysis  of 20 

Fuel,  cost  of 33 

(i round  water,  amount  of 28-29 

at  Berino 30 

below  KI  Paso 14-21 

in  Mesilla  Valby 22-29 

levt'l  of.  variation  in,  (ilaKrani  showing,'.        26 

(►rigin  of 17-Ih,  22, 25-28 

salts  in.  variation  in.  diaKrani  shownij,'-        12 

velocity  of 9 

Ciypsum.  occnrrence  of ^ 14 

Hadlock,  K.  .1..  pumpinpplant  of.  data  con- 
cerning   31.  :U-36, 39-41 

wells  of.  analysis  of 20 

arranKcnient  of.  diagram  showing  .        39 

Un-ation  of.  figure  showing 'M) 

water  in.  elevation  of,  li»;nre  siiow- 

ing 10 

Hager.  \V.  N..  pumping  i»Iant  of,  data  con- 
cerning   31 .  34-3'*.  .\S-,^9 

jiumping  plant  of.  section  through,  dia- 

gnini  show  ing 58 

well  of,  water  of,  analysis  of 20 
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Totten,  G.  H.,  pumping  plant  of,  data  con-  ,  '22,24-25.30 


position  of,  diagrams  showing 19. 24, 80 

Well  rigs,  views  of 1»>,'20 

Wells,  depth  of '29 

location  of 14,17-18,22 

map«<  showing 15, 23 

water  of.  analyses  of '22. 


ceming 31, 34-38,64-65 

pumping  plant  of.  section  through,  dia- 
gram showing 63 

well  of,  water  of,  analjrsis  of '20 
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showing 65 
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PUBLICATIONS  OF  UXITED  STATES  fJEOLOGICAL  SIJRVEY. 

[Water-Supply  Pap<TNo.  m.] 
The  serial  pablication?  of  the  irnite<l  Statt»H  <  ie<>l<»>ri<*al  Survey  connist  nf  ( 1 )  Annual 
L'liort?,  (2)  MonographH,  (.*J)  Pn*fe>vional  l*a|>ei>«,  (4)  nulletinH,  (5)  Mhu'ral 
eroun^es,  (6)  Water-Supply  and  I  motion  Pai)ers,  (7)  Tii|M)>?rap)iit»  AtlaH  i>f  Tnited 
ate?* — folioe  and  separate  nhefts  thereof,  (S)  (uM>lu>ri(r  Atlas  oi  tlie  Unitt**!  Stat**s— 
I'kis*  thereof.  The  clames  nunil>en'<l  2,  7,  and  8  are  si>l(I  at  o>st  of  publication;  the 
h€'riB  are  distributed  free.  A  etrrnlar  ^ivin^conipleti'  lintM  may  l)e  had  on  appli(*ation. 
Moc^t  of  the  above  publications  may  Ix*  obtained  or  consulti'il  in  tlie  following  ways: 

1.  A  limited  number  are  delivere*!  tn  the  ninM*tr>r  of  the  Survey,  fnun  wliom  they 
ay  Ix?  obtained,  free  of  char^ge  (I'xeept  Haines  2.  7,  and  Si,  on  applicjition. 

2.  A  c-ertain  numlx^r  are  allotte<l  every  mendwr  of  Con^n^s**,  from  whom  they 
ay  be  obtained,  free  of  change,  on  application. 

3.  Other  copies  are  deponitiMl  with  the  SiiiH*rintenilent  <»f  DtMunientH,  Washington, 
.  ('.,  frtmi  whom  they  may  U*  liad  at  prieen  .slin^htly  alnive  cost. 

4.  Copies  of  all  Government  publicatif>ns  are  fiirnisheti  to  tlie  [irinciijal  pulilic 
^jrariet)  in  the  large  cities  throughout  the  rnite<l  States,  when*  they  may  be  con- 
ilted  by  those  interested. 

The  Professional  Papers^  Bulletins,  ami  Wat4*r-Siipply  Pai»ers  ireat  of  a  variety  of 
ihjectH,  and  the  total  nunilxT  i.-:sue<l  is  lan^'.  They  have  therefon*  been  rlassilied 
to  the  following  series:  A,  Economic  jreolojry;  li,  fJescriptive  p*o]<>jjy;  (\  System- 
ic geology  and  pale<mtology ;  D,  Petr<»jrraphy  and  mineraln^y;  K,  Cheniistry  and 
lyHici*;  F,  Geography;  G,  Mis»vllaniNius;  H.  Fon'stry;  I,  Irri^'ation;  J,  Water  stor- 
re;  K,  Pumping  water;  L,  Quality  of  water;  M,  <ieiieral  hydn>j;raphic  investijra- 
jns;  N,  Water  power;  O,  rndergrouml  waters;  P.  IIy«lro^'riiphic  pro;^ress  reports. 
fiis  paper  is  the  eleventh  in  Serit'H  K  aii<l  the  forty-fourth  in  Series  (),  the  complete 
rts  of  which  follow  (PP=  Professional  PaiK-r;  H=  Bulletin;  WS=Water-Sapply 
ifier): 

PEKIES  K.  ITMPINfi  WATER. 
9     1.  Pamplng  water  for  irriKfttion.  by  II.  M.  Wilson.    ih[^\.    hi  pp..  9  {iN. 
S     8.  WindmiUii  for  irriKation,  by  K.  <:.  Murphy.    ivJT.    l<)  pp..  s  pN. 
9   H.  New  tests  of  certain  pumin  anrt  wutcr  lift-  uvcd  in  irrii,'ati«iii.  by  o.  P.  H..)o(l.    JHim.    yi  pp., 

ipl. 
S  20.  Experiments  with  windmills,  by  T.  <>.  P^rry.    isw.    <M  pp..  vi  pis. 
S  '29.  Wells  and  windmillM  in  Nobniskit,  by  K.  II.  ItMr)>inir.    \x\¥A.    s.'>  [•!»..  '11  pis. 
8  41.  The  windmill:  its  efflcloncy  »uh1  iT(»ijoiiiir  n^*-.  Pi.  I.  Iiy  !•:.  c.  .Murphy.    1vn)1.    72  pp..  14  pU. 
S  42.  The  windmill,  Pt.  II  (e«)n(innntion  of  No.  No.  41 1.    19  H.    7:M  17  pp..  1-Vlii  pis. 
S  91.  Natursl  fcatiim«and  economic  rlfvclopnicnt  of  s.iiKliisky.  MaiinuM-.  Muvkini^nini.  and  Miami 

dmlnaire  areait  in  Ohio,  by  B.  11.  Klynn  and  M.  s.  Flynn.    p.nu.    i::i)  pp. 
8  136.  Underground  waters  of  Salt  River  Valley.  .Arizona,  Ijy  W.  T.  Lcc.    P.OV    1;M  pp..  ix  pl.^. 
8141.  OfaserratSons  on  the  Knjund  waters  of  the  Rio  (inindu  Valley.  i*K>l.  hy  r.  s.  sliohter.    l90-\ 

K8  pp.,  6  pis. 

SERIES  ().  rNDERtJRorND  W.VTERS. 

S     i.  A  reconnaissance  in  soiitheastern  \Va«'hin>rion.  by  I.  c  Kn^sell.    i<><7.    «Xt  pp..  7  pN. 

8     6.  Underground  waters  of  .MMithwextern  Kan><a>.  by  Kra^miis  Ila worth.     l'^*>7.    <V')  )ip..  pj  p|M. 

8     7.  Seepage  waters  of  northern  rtuh.  by  SainncI  Korticr.    1K»7.    :*}  pp.,  .3  pis. 

8   12.  Underground  waten*  of  southeastern  Nebra<>ka.  by  N.  II.  Darton.    \K^.    :a\  p[i..  21  pl.v 

8  21.  Wells  of  northern  Indiana.  Iiy  Fnmk  Levcreti.    lv.H».    «_» j.p..  1  pis. 

8   25.  Wells  of  southern  Indiana  (etmtiiniation  of  No.  Jl  i,  by  Frank  Lrvt-n.-tt.    ls99.    i\\  pp. 

8   80.  Water  resources  of  the  lower  p<'nin>ula  of  Michigan,  by  A.  C  Lane.     1^91*.    97  pp.,  7  pis. 

8  81.  Lower  Michigan  mineral  walrrs.  by  A.  C.  \a\\\v.    1k»9.    97  pp.,  1  pis. 

8   84.  Ucology  and  water  resoun'e»<  ol  a  iHirll»»n  of  wiutlu-astern  .<outli  Dakota,  by  ,1.  E.  TihIiI.    ll«i>0- 

94  pp..  19  pis. 
8  58.  Geology  and  water  resoun-es  ol  Ne/  IVn-es  (.'ounty.  IdalH>.  Pt.  1.  by  I.  ('.  Uusm-H.     1901.    ^'* 
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